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(57) ABSTRACT

The encoder includes a plurality of slit tracks, a point light
source, two first light-receiving arrays, two second light-
receiving arrays, and a third light-receiving array. The plural-
ity of slit tracks respectively comprises a plurality of reflec-
tion slits arranged along a measurement direction. The point
light source is configured to emit diffusion light to the plu-
rality of slit tracks. The two first light-receiving arrays are
disposed sandwiching the point light source in a width direc-
tion substantially orthogonal to the measurement direction.
The two second light-receiving arrays are disposed sand-
wiching the point light source in the measurement direction.
The third light-receiving array is configured to receive light
reflected by the slit track comprising an incremental pattern
that differs in pitch from other incremental patterns, and is
disposed at a position in a direction where the first light-
receiving array is disposed than the point light source.

17 Claims, 19 Drawing Sheets

BA

120 \
Lep -
przX
pizl
WPz 1v\ |

el

P2L

WPAT

-

P
SET1)

>

T

e Iw | ,\PIZR »

1| AN~

pa2

pi1

X z



U.S. Patent May 10, 2016 Sheet 1 of 19 US 9,335,185 B2

FIG. 1

- =
/-\/

ENCODER
AX — e - - AX

CONTROL POSITION
SIGNAL DATA

MASTER

CONTROL
SIGNAL

CONTROLLER < OrroM

MASTER
CONTROLLER

CT



US 9,335,185 B2

Sheet 2 0f 19

May 10, 2016

U.S. Patent

Zvs 2IS| LvS LIS
Ve 7o M

|
N
|
|
_

~ N \ /
_ _Ll_ _h_l_ _1..\|_ _l,l_ I I W B
vﬁ f» kbl o oLl
om& N<n_\ lvd| Lid
Held|1zid

k4 v v A4

1dVd ONILVHINTIO VLIVA NOILISOd

[ v1vd N
oc,  NOILisOd Y
00}
"I TIOHLINOD OL

[ARSIE



US 9,335,185 B2

Sheet 3 0f 19

May 10, 2016

U.S. Patent

Vs
cIs
LVYS

HS

R N RN T
ey
e
| XS5
_
i

=
e

T
o
e

BRI
e

s
92t

I
T
s

T

%
53
o

;&Io%ucof

LIRS
;.oomvor%co

e, AR
b s e
e e

sasole
3K
e
R -
XEERe T
T,

v

25
" g
s T
e TS0 0
4 SOOI ICHCOL T 38 o o ot
A st

oLl

€ Old



US 9,335,185 B2

Sheet 4 of 19

May 10, 2016

U.S. Patent

Z/ld g
|

|

@

¥ Old



US 9,335,185 B2

Sheet 5 0f 19

May 10, 2016

U.S. Patent

X

G 'Old



US 9,335,185 B2

Sheet 6 of 19

May 10, 2016

U.S. Patent

yeidzid Ld [Af=! Lvd
AVHEY AVHdY AVHEY AVHEY
ONIAIFDIY DONIAIFDIH ONIAIFOTY ONIAIFO3Y
- LHODIT -1LHODIT -1HDIT -1HOIT
A H v H
1dvd 1dvd 14Vd DNIA4IOAdS
ONIAFIDIdS NOILISOd NODIS ONIAZIDTdS NOILISOd 1SHld NOILISOd 31.N70s49VY

{

cel

_

(

cel

Lel

1dVd ONILVYINOTVO Vivd NOILLISOd

)

vel

1HYd ONILYHIANIO
V1vQa NOILISOd

oct

v

10 ——

H37TT0HLNOD

g Oid




U.S. Patent May 10, 2016 Sheet 7 of 19 US 9,335,185 B2

FIG. 7
REFLECTION INCIDENT
LIGHT LIGHT
RREGULAR 112
T T‘ E{TEFLECTION
11

S P - W

: / o 110

FIG. 8

INCIDENT y
LIGHT




U.S. Patent May 10, 2016 Sheet 8 of 19 US 9,335,185 B2

FIG. 9
REGULAR
REFLECTION IRREGULAR
COMPONENT OF REFLECTION INCIDENT
REFLECTION LIGHT COMPONENTS OF LIGHT
z REFLECTION
LIGHT
. v INTENSITY
DISTRIBUTION
__  OFIRREGULAR
~ REFLECTION
COMPONENTS
FIG. 10
(REFLECTION DIRECTION)
90° -
Y

180° 0°

270°
(INCIDENT DIRECTION)



US 9,335,185 B2

Sheet 9 of 19

May 10, 2016

U.S. Patent

1 D [~

vd
bl 'Old



U.S. Patent May 10, 2016 Sheet 10 of 19 US 9,335,185 B2

FIG. 12



US 9,335,185 B2

Sheet 11 of 19

May 10, 2016

U.S. Patent

I -
|- I, YOO {1
— | L
do e

€l Ol



US 9,335,185 B2

Sheet 12 of 19

May 10, 2016

U.S. Patent

Zid

N

AVHEY
ONIAIZOFY
“1HOIT

diidTLid

)

AVHEY
ONIAIZOTY
~1HOIT

vd LYd
AVHYY AVHEY
DNIAIFOIYH ONIAIFOIH
-1HOIT -1LHSIT

v

v

A4 v

1dVd ONIALIO3dS
NOILISOd dNODO3S

1&HVd ONIALID3LS
NOILISOd 15414

1HVd ONIALIOEAdS
NOILISOd 21N10sdY

(

el

A4

{

cel

¥

{

Lel ¥

1dVd ONILVINOTVO V1Vd NOILISOd

f 1YYd ONILYYINTD
vel v1vad NOILISOd

oL

Y

I_IO\./\

d3TT10HLNOD

L Old



U.S. Patent May 10, 2016 Sheet 13 of 19 US 9,335,185 B2

FIG. 15

COMPARISON o o
EXAMPLE .

1

SN w«@ iy

120 Ty (P2 W\MM AP |
Q

L2

FIG. 16

EMBODIMENT 2

A




US 9,335,185 B2

Sheet 14 of 19

May 10, 2016

U.S. Patent

_____________ﬁ_=_=___=_g_§_¢__§wmbHN@\ 1 ziam
,,,,,,,, N |
,44«.,-=§§==_===.E _==§==§E:%%
- g JUBEHE /



U.S. Patent May 10, 2016 Sheet 15 of 19 US 9,335,185 B2

FIG. 18
Y
O



US 9,335,185 B2

Sheet 16 of 19

May 10, 2016

U.S. Patent

>_/

LVdM

Y dM

- do)

vd

/ 0zl

61 Old



U.S. Patent May 10, 2016 Sheet 17 of 19 US 9,335,185 B2

FIG. 20
COMPARISON
EXAMPLE
120" —~ | PA2~ DAL 5
Lepl
L2|l
R
s L1"
L
P12~ \WWW\MW} 1
Y
Lep
X z N
FIG. 21
EMBODIMENT 3
120 ~ | paz—, PALALN A AT N
Lep L AP2
. ) amanuray
Pl Ny Lo

—
W‘@M@?\&M&m
RS




US 9,335,185 B2

Sheet 18 of 19

May 10, 2016

U.S. Patent

LYdM

@ LIdM
@ ZIdM

VdM

= doT]

vd

/ ozl

¢¢ 'old



US 9,335,185 B2

Sheet 19 of 19

May 10, 2016

U.S. Patent

),

I

LYdM

VdM

- do

/ 0zl

€¢ 'old



US 9,335,185 B2

1

ENCODER, MOTOR WITH ENCODER, AND
SERVO SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority from Japanese
Patent Application No. 2013-229836, which was filed on
Now. 5, 2013, the disclosure of which is incorporated herein
by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present disclosure relates to an encoder, a motor with
an encoder, and a servo system.

2. Description of the Related Art

A reflection type encoder is known.

SUMMARY OF THE INVENTION

According to one aspect of the disclosure, there is provided
an encoder. The encoder comprises a plurality of slit tracks, a
point light source, two first light-receiving arrays, two second
light-receiving arrays, and a third light-receiving array. The
plurality of slit tracks respectively comprises a plurality of
reflection slits arranged along a measurement direction. The
point light source is configured to emit diffusion light to the
plurality of slit tracks. The two first light-receiving arrays are
disposed sandwiching the point light source in a width direc-
tion substantially orthogonal to the measurement direction.
The two second light-receiving arrays are disposed sand-
wiching the point light source in the measurement direction.
The third light-receiving array is configured to receive light
reflected by the slit track comprising an incremental pattern
that differs in pitch from other incremental patterns, and is
disposed at a position in a direction where the first light-
receiving array is disposed than the point light source.

According to another aspect of the disclosure, there is
provided an encoder. The encoder comprising a plurality of
slittracks, a point light source, two first light-receiving arrays,
two second light-receiving arrays, and two third light-receiv-
ing arrays. The plurality of slit tracks respectively comprises
a plurality of reflection slits arranged along a measurement
direction. The point light source is configured to emit diffu-
sion light to the plurality of slit tracks. The two first light-
receiving arrays are disposed sandwiching the point light
source in a width direction substantially orthogonal to the
measurement direction. The two second light-receiving
arrays are disposed substantially sandwiching the point light
source in the measurement direction. The two third light-
receiving arrays are configured to receive light reflected by
the slit track comprising an incremental pattern that differs in
pitch from other incremental patterns, and are disposed sub-
stantially sandwiching the point light source in the measure-
ment direction between the two first light-receiving arrays.

According to another aspect of the disclosure, there is
provided an encoder. The encoder comprises a plurality of slit
tracks, means for emitting diffusion light to the plurality of
slit tracks, means for outputting a signal representing a low-
accuracy absolute position within one rotation, means for
outputting a highly periodical repetition signal, and means for
receiving light reflected by the slit track comprising an incre-
mental pattern that differs in pitch from other incremental
patterns. The plurality of slit tracks respectively comprises a
plurality of reflection slits arranged along a measurement
direction. The means for outputting a signal representing a
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low-accuracy absolute position is disposed in duplicate sand-
wiching the means for emitting the diffusion light in a width
direction substantially orthogonal to the measurement direc-
tion. The means for outputting a highly periodical repetition
signal is disposed in duplicate sandwiching the means for
emitting the diffusion light in the measurement direction. The
means for receiving light reflected by the slit track comprising
an incremental pattern is disposed at a position in a direction
where the means for outputting a signal representing the
low-accuracy absolute position is disposed than the means for
emitting the diffusion light.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an explanatory view for explaining a servo system
related to embodiment 1.

FIG. 2 is an explanatory view for explaining an encoder
related to embodiment 1.

FIG. 3 is an explanatory view for explaining a disk related
to embodiment 1.

FIG. 4 is an explanatory view for explaining a slit track
related to embodiment 1.

FIG. 5 is an explanatory view for explaining an optical
module and a light-receiving array related to embodiment 1.

FIG. 6 is an explanatory view for explaining a position data
generating part related to embodiment 1.

FIG. 7 is an explanatory view for explaining an irregular
reflection caused by an unevenness of the disk surface related
to embodiment 1.

FIG. 8 is an explanatory view for explaining a directivity of
the irregular reflection components caused by convex parts.

FIG. 9 is an explanatory view for explaining an intensity
distribution of the irregular reflection components as viewed
from a positive direction along an X axis.

FIG. 10 is an explanatory view for explaining an intensity
distribution of the irregular reflection components as viewed
from a positive direction along a Z axis.

FIG. 11 is an explanatory view for explaining an optical
module and a light-receiving array related to a modification of
embodiment 1.

FIG. 12 is an explanatory view for explaining a slit track
related to embodiment 2.

FIG. 13 is an explanatory view for explaining an optical
module and a light-receiving array related to embodiment 2.

FIG. 14 is an explanatory view for explaining a position
data generating part related to embodiment 2.

FIG. 15 is an explanatory view for explaining an optical
module related to a comparison example with a shifted rotat-
ing direction.

FIG. 16 is an explanatory view for explaining an optical
module related to embodiment 2 with a shifted rotating direc-
tion.

FIG. 17 is an explanatory view for explaining an optical
module and a light-receiving array related to a modification of
embodiment 2.

FIG. 18 is an explanatory view for explaining a slit track
related to embodiment 3.

FIG. 19 is an explanatory view for explaining an optical
module and a light-receiving array related to embodiment 3.

FIG. 20 is an explanatory view for explaining an optical
module related to a comparison example with a shifted rotat-
ing direction.

FIG. 21 is an explanatory view for explaining an optical
module related to embodiment 3 with a shifted rotating direc-
tion.
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FIG. 22 is an explanatory view for explaining an optical
module and a light-receiving array related to a modification of
embodiment 3.

FIG. 23 is an explanatory view for explaining an optical
module and a light-receiving array related to another modifi-
cation of embodiment 3.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The following describes embodiments with reference to
accompanying drawings.

Note that the encoder related to the respective embodi-
ments described hereinafter is applicable to various types of
encoders, such as a rotary type and a linear type. In the
following, the embodiments are described using the rotary-
type encoder as an example to ensure ease of encoder under-
standing. In a case where the embodiments are to be applied
to another encoder type, it is possible to apply the type by
adding appropriate changes, such as changing the objectto be
measured from a rotary-type disk to a linear scale, and thus
detailed descriptions thereof are omitted.

Embodiment 1

1-1. Servo System

First, the configuration of a servo system related to this
embodiment will be described with reference to FIG. 1. As
shown in FIG. 1, the servo system S comprises a servo motor
SM and a controller CT. The servo motor SM comprises an
encoder 100 and a motor M.

The motor M is an example of a power generation source
not including the encoder 100. The motor M is a rotary-type
motor in which a rotor (not shown) rotates with respect to a
stator (not shown), and outputs a rotational force by rotating
a shaft SH fixed to the rotor around an axis AX.

Further, the motor M alone is sometimes referred to as a
servo motor, but, in this embodiment, the configuration
including the encoder 100 is referred to as the servo motor
SM. That is, the servo motor SM corresponds to one example
of'a motor with an encoder. The following, for convenience of
explanation, describes a case where the motor with an
encoder is a servo motor controlled so as to follow target
values, such as position and velocity values, but the motor is
not necessarily limited to a servo motor. In a case where the
output of the encoder is used for display only, for example, the
motor with an encoder also includes motors used in a system
other than a servo system, as long as an encoder is attached.

The motor M is not particularly limited as long as it is a
motor in which the encoder 100 is capable of detecting posi-
tion data and the like, for example. Further, the motor M is not
limited to an electric motor that uses electricity as a power
source, and it may be a motor that uses, for example, another
power source, such as a hydraulic motor, a pneumatic motor,
and a steam motor. However, for convenience of explanation,
the following describes a case where the motor M is an
electric motor.

The encoder 100 is connected to the side opposite the
rotational force output side of the shaft SH of the motor M.
Note that the connected side is not necessarily limited to the
opposite side, allowing the encoder 100 to be connected to the
rotational force output side of the shaft SH. The encoder 100
detects a position of the motor M (also referred to as a rota-
tional angle) by detecting the position of the shaft SH (rotor),
and outputs position data representing the position.

The encoder 100 may detect at least one of a velocity of the
motor M (also referred to as rotation speed, angular velocity,
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and the like) and an acceleration of the motor M (also referred
to as rotation acceleration, angular acceleration, and the like)
in addition to or in place of the position of the motor M. In this
case, the velocity and the acceleration of the motor M can be
detected by, for example, obtaining the first derivative or the
second derivative of the position with respect to time, or
counting a detection signal (an incremental signal described
later, for example) for a predetermined period of time. For
convenience of explanation, the following describes the
embodiment with the physical quantity detected by the
encoder 100 as the position.

The controller CT acquires position data output from the
encoder 100, and controls the rotation of the motor M based
onthe position data. Consequently, in this embodiment where
an electric motor is used as the motor M, the controller CT
controls the rotation of the motor M by controlling the cur-
rent, voltage, or the like to be applied to the motor M based on
position data. Furthermore, it is also possible for the control-
ler CT to control the motor M by acquiring a master control
signal from a master controller (not shown) so that a rota-
tional force capable of achieving a position and the like rep-
resented by the master control signal is output from the shaft
SH of the motor M. Note that, in a case where the motor M
uses another power source, such as a hydraulic, pneumatic, or
steam motor, it is possible for the controller CT to control the
rotation of the motor M by controlling the supply of the power
source.

1-2. Encoder

Next, the encoder 100 related to this embodiment will be
described. As shown in FIG. 2, the encoder 100 comprises a
disk 110, an optical module 120, and a position data gener-
ating part 130.

Here, for convenience of explanation of a structure of the
encoder 100, directions, such as upward and downward direc-
tions, are defined and suitably used as follows. In FIG. 2, the
direction in which the disk 110 faces the optical module 120,
that is, the positive direction along the Z axis, is referred to as
“upward” and the negative direction along the 7 axis is
referred to as “downward.” Note that the directions vary
according to the attachment mode of the encoder 100, and the
positional relationship of each configuration of the encoder
100 is not limited.

1-2-1. Disk

The disk 110 is formed into the shape of a circular plate as
shown in FIG. 3, and disposed so that a disk center O sub-
stantially agrees with the axis AX. The disk 110 is connected
to the shaft SH of the motor M, and rotates by the rotation of
the shaft SH. Note that, in this embodiment, explanation is
given with the disk 110 in the shape of a circular plate as an
example of an object to be measured that measures the rota-
tion of the motor M. However, it is also possible to use another
member, such as an end surface of the shaft SH, for example,
as an object to be measured. Further, while the disk 110 is
directly connected to the shaft SH in the example shown in
FIG. 2, the disk 110 may be connected via a connecting
member such as a hub.

As shown in FIG. 3, the disk 110 comprises a plurality of
slit tracks SA1,SA2, SI1, SI2. While the disk 110 rotates with
the drive of the motor M, the optical module 120 is disposed
fixedly while facing a portion of the disk 110. Consequently,
the slittracks SA1, SA2, SI1, SI2 and the optical module 120
move relatively to each other in the measurement direction
(the direction of arrow C shown in FIG. 3; hereinafter suitably
referred to as “measurement direction C”) as the motor M is
driven.

Here, the “measurement direction” is the measurement
direction when the respective slit tracks formed on the disk
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110 by the optical module 120 are optically measured. In a
rotary-type encoder in which the object to be measured is the
disk 110 as in this embodiment, the measurement direction
agrees with the circumferential direction with the center axis
of'the disk 110 as its center, but is the direction along a linear
scale in a linear-type encoder in which the object to be mea-
sured is a linear scale and a mover moves with respect to a
stator. Note that the “center axis” is the rotational axis of the
disk 110, and agrees with the axis AX of the shaft SHin a case
where the disk 110 and the shaft SH are coaxially connected.
1-2-2. Optical Detecting Mechanism

The optical detecting mechanism comprises the slit tracks
SA1, SA2, SI1, SI2 and the optical module 120. The respec-
tive slit tracks are formed as tracks disposed in a ring shape
with the disk center O as its center on the upper surface of the
disk 110. Each of the slit tracks comprises a plurality of
reflection slits (the sections shaded by slashes in FIG. 4)
arranged side by side across the entire circumference of the
track along the measurement direction C. Each reflection slit
reflects light irradiated from a light source 121. Note that the
light source 121 corresponds to one example of means for
emitting diffusion light.
1-2-2-1. Disk

The disk 110 is formed by a material that reflects light, such
as metal, for example. Then, a material with low reflectance
(such as chromium oxide, for example) is disposed onto sec-
tions where light is not to be reflected on the surface of the
disk 110 by a coating process or the like, thereby forming
reflection slits in sections where the material is not disposed.
Note that the reflection slits may also be formed by creating a
coarse surface on the sections where light is not to be reflected
by sputtering or the like, thereby reducing reflectance.

Further, the material, manufacturing method, and the like
of'the disk 110 are not particularly limited. For example, the
disk 110 may be formed using a material that transmits light,
such as glass or transparent resin. In this case, the reflection
slits can be formed by disposing a material that reflects light
(such as aluminium, for example) on the surface of the disk
110 by vapour deposition or the like.

Four slittracks are arranged on the upper surface of the disk
110 in the width direction (the direction of arrow R shown in
FIG. 3; hereinafter suitably referred to as “width direction
R”). Note that the “width direction” is the radial direction of
the disk 110, i.e., the direction substantially orthogonal to the
measurement direction C, and the length of each slit track
along this width direction R corresponds to the width of each
slit track. The four slit tracks are concentrically disposed in
the order of slit tracks SI1, SA1, SI12, SA2, from the inside
toward the outside in the width direction R. In order to explain
the respective slit tracks in further detail, FIG. 4 shows a
partially enlarged view of the vicinity of an area of the disk
110 facing the optical module 120.

As shown in FIG. 4, a plurality of reflection slits sal, sa2,
respectively included in the slit tracks SA1, SA2, is disposed
along the entire circumference of the disk 110 so as to com-
prise an absolute pattern in the measurement direction C.

Note that the “absolute pattern” is a pattern in which the
positions, proportions, and the like of the reflection slits
within an angle in which the light-receiving arrays of the
optical module 120 described later face each other are
uniquely defined within one rotation of the disk 110. That is,
for example, if the motor M is in a certain angular position in
the case of the example of the absolute pattern shown in FIG.
4, a combination of bit patterns resulting from detection or
non-detection by each of the plurality of light-receiving ele-
ments of the light-receiving arrays facing each other uniquely
represents the absolute position of the angular position. Note
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6

that the “absolute position” refers to an angular position with
respect to the origin within one rotation of the disk 110. The
origin is set in a suitable angular position within one rotation
of the disk 110, and the absolute pattern is formed with this
origin as a reference.

Note that, according to an example of this pattern, it is
possible to generate a pattern that one-dimensionally repre-
sents the absolute position of the motor M by bits in the
number of light-receiving elements of the light-receiving
array. However, the absolute pattern is not limited to this
example. For example, the pattern may be a pattern multi-
dimensionally represented by bits in the number of light-
receiving elements. Further, other than a predetermined bit
pattern, the pattern may be a pattern in which a physical
quantity, such as a phase or amount of light received by the
light-receiving elements, changes so as to uniquely represent
the absolute position, a pattern in which a code sequence of an
absolute pattern modulates, or other various patterns.

Note that, according to this embodiment, the same absolute
patterns are offset from each other by, for example, a length
equivalent to one-half of one bit in the measurement direction
C, forming the two slit tracks SA1, SA2. This offset amount
is a value corresponding to, for example, half a pitch P1 of a
reflection slit sil of the slit track SI1. If the slit tracks SA1,
SA2 were not configured to be offset in this manner, possi-
bilities such as the following exist. That is, if the absolute
position is represented by a one-dimensional absolute pattern
such as in this embodiment, the detection accuracy of the
absolute position may decrease in the area of a change in the
bit pattern resulting from the respective light-receiving ele-
ments of the light-receiving arrays PA1, PA2 being positioned
facing the vicinity of an end area of the reflection slits.
According to this embodiment, since the slit tracks SA1, SA2
are offset, the absolute position is calculated using the detec-
tion signal from the slit track SA2 or the opposite operation is
performed when, for example, the absolute position by the slit
track SA1 corresponds to a change point in the bit pattern. As
aresult, it is possible to improve the detection accuracy of the
absolute position. Note that, while the amount of received
light in the two light-receiving arrays PA1, PA2 needs to be
uniform in the case of such a configuration, the two light-
receiving arrays PA1, PA2 are disposed equidistant from the
light source 121 according to this embodiment, making it
possible to achieve the above described configuration.

Note that, instead of offsetting the respective absolute pat-
terns of the slit tracks SA1, SA2 against each other, the
light-receiving arrays PA1, PA2 respectively corresponding
to the slit tracks SA1, SA2 may be offset against each other
without offsetting the absolute patterns, for example.

On the other hand, a plurality of reflection slits sil, si2
respectively included in the slit tracks SI1, SI2 is disposed
along the entire circumference of the disk 110 so as to com-
prise an incremental pattern in the measurement direction C.

The “incremental pattern” is a pattern repeated regularly at
a predetermined pitch, as shown in FIG. 4. Here, “pitch”
refers to the disposed interval of the respective reflection slits
sil, si2 of the slit tracks SI1, SI2 that comprise an incremental
pattern. As shown in FIG. 4, the pitch of the slit track SI1 is
P1, and the pitch of the slit track SI2 is P2. The incremental
pattern, unlike the absolute pattern that represents the abso-
lute position by the bits corresponding to detection or non-
detection by the plurality of light-receiving elements, repre-
sents the position of the motor M for each pitch or within one
pitch by the sum of the detection signals resulting from at
least one or more of the light-receiving elements. Conse-
quently, the incremental pattern does not represent the abso-
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lute position of the motor M, but can represent the position
with very high accuracy compared to the absolute pattern.

According to this embodiment, the pitch P1 ofthe slit track
SI1 is set longer than the pitch P2 of the slit track SI2.
According to this embodiment, each pitch is set so that P1=2x
P2. That is, the number of reflection slits si2 of the slit track
SI2 is two times the number of the reflection slits sil of the slit
track SI1. Nevertheless, the relationship of this slit pitch is not
limited to this example, and can take various values, such as
three times, four times, and five times, for example.

Note that, according to this embodiment, the minimum
length of the reflection slits sal, sa2 of the slit tracks SA1,
SA2 in the measurement direction C agrees with the pitch P1
of the reflection slit sil of the slit track SI1. As a result, the
resolution of the absolute signal based on the slit tracks SA1,
SA2 agrees with the number of the reflection slits sil of the
slit track SI1. Nevertheless, the minimum length is not limited
to this example, and the number of the reflection slits sil of
the slit track SI1 is preferably set greater than or equal to the
resolution of the absolute signal.
1-2-2-2. Optical Module

The optical module 120, as shown in FIG. 2 and FIG. 5, is
formed as one substrate BA parallel to the disk 110. With this
arrangement, the encoder 100 can be thinned and the structure
of the optical module 120 can be simplified. Consequently,
the optical module 120 relatively moves with respect to the
slittracks SA1, SA2, SI1, S12 in the measurement direction C,
accompanying the rotation of the disk 110. Note that the
optical module 120 does not necessarily need to be config-
ured as one substrate BA, allowing each component to be
configured as a plurality of substrates. In this case, these
substrates may be collectively disposed. Further, the optical
module 120 does not need to be in the form of a substrate.

The optical module 120, as shown in FIG. 2 and FIG. 5,
comprises the light source 121, and a plurality of light-receiv-
ing arrays PA1, PA2, PI1, PI2L, PI2R on the surface of the
substrate BA facing the disk 110.

As shown in FIG. 3, the light source 121 is disposed in a
position facing the slit track SI2. Then, the light source 121
emits light onto the sections facing the four slit tracks SA1,
SA2, SI1, SI2 that pass through the positions facing the opti-
cal module 120.

The light source 121 is not particularly limited as long as it
is a light source capable of irradiating the irradiation area with
light, allowing use of a light emitting diode (LED), for
example. The light source 121 is particularly configured as a
point light source in which no optical lens or the like is
disposed, and emits diffusion light from a light-emitting part.
Note that, when referring to a “point light source,” the light
source does not need to be strictly a point, and the light may
be emitted from a finite emission surface as long as the light
source is regarded as capable of emitting diffusion light from
a substantially point-like position from the standpoint of
design and operation principles. Further, the “diffusion light”
is not limited to light emitted from a point light source toward
all directions, but includes light that is diffused and emitted
toward a certain finite direction. That is, the term “diffusion
light” used here includes any light that comprises more dif-
fusibility than parallel light. By using a point light source in
this manner, it is possible for the light source 121 to substan-
tially uniformly irradiate the four slit tracks SA1, SA2, SI1,
SI2 that pass through the positions facing thereto with light.
Further, collecting and diffusing of light by an optical element
are not performed, and therefore errors and the like caused by
the optical element are unlikely to occur, making it possible to
increase the straightness of light toward the slit tracks.
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The plurality of the light-receiving arrays PA1, PA2, PI1,
PI2L, PI2R is disposed along the circumference of the light
source 121, and comprises a plurality of light-receiving ele-
ments pal, pa2, pil, pi2L, pi2R (the sections shaded by dots
in FIG. 5), each which receives light reflected by the reflec-
tion slits of the slit tracks correspondingly associated thereto.
The plurality of light-receiving elements is arranged side by
side along the measurement direction C, as shown in FIG. 5.

Note that the light emitted from the light source 121 is
diffusion light. Consequently, the image of the slit tracks
projected onto the optical module 120 is an image magnified
by a predetermined magnifying power E in accordance with
the optical path length. That is, as shown in FIG. 4 and FIG.
5, given WSA1, WSA2, WSI1, WSI2 as the respective lengths
of the slit tracks SA1, SA2, SI1, S12 in the width direction R
and WPA1, WPA2, WPI1, WPI2 as the lengths of the shapes
of'the reflection light projected onto the optical module 120 in
the width direction R, WPA1, WPA2, WPI1, WPI2 are lengths
corresponding to E times WSA1, WSA2, WSI1, WSI2. Note
that this embodiment shows an example in which the lengths
of'the light-receiving elements of the respective light-receiv-
ing arrays in the width direction R are set substantially equal
to the shape of the respective slits projected onto the optical
module 120, as shown in FIG. 5. However, the lengths of the
light-receiving elements in the width direction R are not
necessarily limited to this example.

Similarly, the measurement direction C in the optical mod-
ule 120 is also the shape of the measurement direction C in the
disk 110 projected onto the optical module 120, that is, the
shape affected by the magnifying power E. In order to make
understanding easier, the following provides a detailed expla-
nation using the measurement direction C in the position of
the light source 121 as an example, as shown in FIG. 2. The
measurement direction C in the disk 110 is circular in shape,
with the axis AX as a center. Conversely, the center of the
measurement direction C projected onto the optical module
120 is located in a position separated from an optical center
Op, which is in a position within the plane of the disk 110 on
which the light source 121 is disposed, by a distance eL.. The
distance €L is a distance L between the axis AX and optical
center Op magnified by the magnifying power €. This position
is conceptually illustrated in FIG. 2 as a measurement center
Os. Consequently, the measurement direction C in the optical
module 120 is on a line having the measurement center Os
separated by the distance eL. from the optical center Op on a
line on which the optical center Op and the axis AX are
located in the direction of the axis AX as a center and the
distance €L as a radius.

In FIG. 4 and FIG. 5, the correspondence relationship of
the measurement direction C in the disk 110 and the optical
module 120 is represented by arc-shaped lines Led, Lep. The
line Led shown in FIG. 4 represents a line on the disk 110
along the measurement direction C, and the line LCP shown
in FIG. 5 represents a line on the substrate BA along the
measurement direction C (the line Lcd projected onto the
optical module 120).

As shown in FIG. 2, given G as a gap length between the
optical module 120 and the disk 110, and Ad as an amount of
protrusion of the light source 121 from the substrate BA, the
magnifying power € is expressed by the following (Formula

1).

e=2G-Ad)/(G-Ad) (Formula 1)

As each light-receiving element, a photodiode, for
example, can be used. However, the light-receiving element is
not limited to a photodiode and is not particularly limited as
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long as it is capable of receiving light emitted from the light
source 121 and converting the light into an electric signal.

The light-receiving arrays PA1, PA2, PI1, PI2L, PI2R in
this embodiment are disposed correspondingly to the four slit
tracks SA1, SA2, SI1, SI2. The light-receiving array PA1 is
configured to receive the light reflected by the slit track SA1,
and the light-receiving array PA2 is configured to receive the
light reflected by the slit track SA2. Further, the light-receiv-
ing array PI1 is configured to receive the light reflected by the
slit track SI1, and the light-receiving arrays PI2L, PI2R are
configured to receive the light reflected by the slit track SI12.
While the light-receiving arrays PI2L, PI2R are divided in the
middle, they correspond to the same track. In this manner, the
number of light-receiving arrays corresponding to one slit
track is not limited to one, allowing a plurality.

The light source 121, the light-receiving arrays PA1, PA2,
and the light-receiving arrays P11, PI21, PI2R are disposed in
the positional relationship shown in FIG. 5. The light-receiv-
ing arrays PA1, PA2 corresponding to the absolute pattern are
disposed sandwiching the light source 121 in the width direc-
tion R. In this example, the light-receiving array PA1 is dis-
posed on the inner circumference side, and the light-receiving
array PA2 is disposed on the outer circumference side.
According to this embodiment, the distances between the
light-receiving arrays PA1, PA2 and the light source 121 are
substantially equal. Then, the plurality of light-receiving ele-
ments included in the light-receiving arrays PA1l, PA2 is
arranged side by side at a certain pitch along the measurement
direction C (the line Lcp). The light-receiving arrays PA1,
PA2 respectively receive the reflection light from the slit
tracks SA1, SA2, thereby generating an absolute signal com-
prising a bit pattern in the number of light-receiving elements.
Note that the light-receiving arrays PA1, PA2 correspond to
one example of the first light-receiving array, and one
example of means for outputting a signal that represents a
low-accuracy absolute position within one rotation.

The light-receiving array PI1 corresponding to the incre-
mental pattern is disposed on the center axis side with respect
to the light source 121 so as to sandwich the light-receiving
array PA1 with the light source 121, in the disposed direction
of the light-receiving array PA1 with the light source 121 as
the center. Further, the light-receiving arrays PI12L., PI2R cor-
responding to the incremental pattern are disposed sandwich-
ing the light source 121 in the measurement direction C.
Specifically, the light-receiving arrays PI2L., PI2R are axi-
symmetrically disposed with a line parallel to the Y axis,
which includes the light source 121, serving as the axis of
symmetry, and each of the light-receiving arrays PA1, PA2,
PI1 form an axisymmetrical shape about the above described
symmetrical axis. The light source 121 is disposed between
the light-receiving arrays P12L, PI2R disposed as one track in
the measurement direction C. Note that the light-receiving
arrays PI2L, PI2R correspond to one example of the second
light-receiving arrays, and also to one example of means for
outputting a highly periodical repetition signal. Further, the
light-receiving array PI1 corresponds to one example of the
third light-receiving array, and also to one example of means
for receiving light reflected by the slit track comprising an
incremental pattern that differs in pitch from other incremen-
tal patterns.

This embodiment illustrates a one-dimensional pattern as
the absolute pattern, and therefore the light-receiving arrays
PA1, PA2 corresponding thereto comprise a plurality (nine,
for example, in this embodiment) of light-receiving elements
pal, pa2 arranged side by side along the measurement direc-
tion C (line Lcp) so as to respectively receive the light
reflected by the reflection slits sal, sa2 of the slit tracks SA1,
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SA2 correspondingly associated thereto. This plurality of
light-receiving elements pal, pa2 handles whether or not light
is received as a bit as described above, and represents the
absolute position of nine bits in total. Consequently, a light
reception signal received by each of the plurality of light-
receiving elements pal, pa2 is handled independently in the
position data generating part 130, and the absolute position
encrypted (coded) into a serial bit pattern is decoded from the
combination of these light reception signals. The light recep-
tion signal of the light-receiving arrays PA1, PA2 is referred
to as an “absolute signal.”” Note that, in a case where an
absolute pattern that differs from that in this embodiment is
used, the light-receiving arrays PA1, PA2 become a configu-
ration corresponding to that pattern.

The light-receiving arrays PI1, PI2L, PI2R comprise a
plurality of light-receiving elements arranged side by side
along the measurement direction C (line Lep) so as to respec-
tively receive light reflected by the reflection slits sil, si2 of
the slit tracks SI1, SI2 correspondingly associated thereto.
First, the light-receiving array is explained using the light-
receiving array PI1 as an example.

According to this embodiment, sets of a total of four light-
receiving elements pil (represented by “SET1” in FIG. 5) are
arranged side by side in one pitch (one pitch in the projected
image; thatis, exP1) of the incremental pattern of the slit track
SI1, and sets of the four light-receiving elements pil are
further arranged side by side in a plurality along the measure-
ment direction C. Then, since the incremental pattern forms
reflection slits repeatedly on a per pitch basis, each of the
light-receiving elements pil generates a periodic signal of
one period (referred to as 360° in terms of electric angle) in
one pitch when the disk 110 rotates. Then, since four light-
receiving elements pil are disposed in one set corresponding
to one pitch, the light-receiving elements adjacent to each
other in one set detect periodic signals comprising a phase
difference of 90° from each other. The respective light recep-
tion signals are referred to as an A-phase signal, a B-phase
signal (with a phase difference of 90° from the A-phase sig-
nal), a bar A-phase signal (with a phase difference of 180°
from the A-phase signal), and a bar B-phase signal (with a
phase difference of 180° from the B-phase signal).

The incremental pattern represents a position in one pitch,
and therefore the signal in each phase in one set and the signal
in each phase in another set corresponding thereto have values
that change in the same manner. Consequently, the signals in
the same phase are added across a plurality of sets. Conse-
quently, from a large number of light-receiving elements pil
of' the light-receiving array P11 shown in FIG. 5, four signals
shifted from one another by a phase of 90° are detected.

On the other hand, the light-receiving arrays PI2L, PI2R
are also configured in the same manner as the light-receiving
array PI1. That is, sets of a total of four light-receiving ele-
ments pi2l., pi2R (represented by “SET2” in FIG. 5) are
arranged side by side in one pitch (one pitch in the projected
image; that is, exP2) of the incremental pattern of the slit track
SI2, and sets of four light-receiving elements Pi2L, pi2R are
arranged side by side in a plurality along the measurement
direction C. Consequently, four signals shifted from one
another by a phase of 90° are respectively generated from the
light-receiving arrays PI1, PI2L, PI2R. These four signals are
referred to as “incremental signals.” Further, the incremental
signals generated from the light-receiving arrays P12, PI2R
corresponding to the slit track SI2 with a short pitch are
referred to as “high incremental signals” since the resolution
is high compared to other incremental signals, and the incre-
mental signals generated by the light-receiving array PI1
corresponding to the slit track SI1 with a long pitch are
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referred to as “low incremental signals” since the resolution is
low compared to other incremental signals.

Note that while this embodiment describes an illustrative
scenario in which four light-receiving elements are included
in one set corresponding to one pitch of the incremental
pattern, and the light-receiving array PI2L. and the light-
receiving array PI2R each comprise sets with the same con-
figuration, the number of light-receiving elements in one set
is not particularly limited, such as a case where two light-
receiving elements are included in one set, for example. Fur-
ther, the light-receiving arrays PI2L, PI2R may be configured
to acquire light reception signals in different phases.

1-2-3. Position Data Generating Part

The position data generating part 130 acquires two abso-
lute signals, each comprising the bit pattern representing the
absolute position, and high incremental signals and low incre-
mental signals that include four signals shifted from one
another by a phase of 90°, from the optical module 120, at the
timing in which the absolute position of the motor M is
measured. Then, based on the acquired signals, the position
data generating part 130 calculates the absolute position of
the motor M represented by these signals, and outputs posi-
tion data representing the calculated absolute position to the
controller CT.

Note that, as for the method for generating the position data
by the position data generating part 130, various methods can
be used without particular limitation. As an example, the
following describes a case where the absolute position is
calculated from the high incremental signal and the low incre-
mental signal as well as the absolute signal, and the position
data is then generated.

As shown in FIG. 6, the position data generating part 130
comprises an absolute position specifying part 131, a first
position specifying part 132, a second position specitying
part 133, and a position data calculating part 134. The abso-
lute position specitying part 131 binarises each absolute sig-
nal from the light-receiving arrays PA1, PA2, and converts the
signals into bit data representing the absolute position. Then,
the absolute position specifying part 131 specifies the abso-
Iute position based on the correspondence relationship
between predefined bit data and the absolute position.

On the other hand, of the low incremental signals of the
respective four phases from the light-receiving array PI1, the
first position specifying part 132 subtracts the low incremen-
tal signals with a phase difference of 180° from each other. By
subtracting the signals with a phase difference of 180°, it is
possible to cancel out the manufacturing errors, measurement
errors, and the like of the reflection slit within one pitch. As
described above, the signals resulting from the subtraction are
referred to as a “first incremental signal” and a “second incre-
mental signal” here. The first incremental signal and the sec-
ond incremental signal comprise a phase difference of 90°
from each other by electric angle (simply referred to as
“A-phase signal,” “B-phase signal,” and the like). Then, the
first position specifying part 132 specifies a position within
one pitch from these two signals. The method for specifying
a position within one pitch is not particularly limited. For
example, in a case where the low incremental signal, which is
a periodic signal, is a sinusoidal signal, an example of the
above described specification method is to calculate an elec-
tric angle ¢ by performing the arc tangent operation on the
result of division of the two sinusoidal signals in the A phase
and B phase. Or, there is also a method for converting the two
sinusoidal signals into an electric angle ¢ using a tracking
circuit. Or, there is also a method for specifying an electric
angle ¢ correspondingly associated with the values of signals
in the A phase and B phase in a table created in advance. At
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this time, it is preferable for the first position specifying part
132 to convert the two sinusoidal signals in the A phase and B
phase from analogue to digital on a per detection signal basis.

The position data calculating part 134 superimposes the
position within one pitch specified by the first position speci-
fying part 132 onto the absolute position specified by the
absolute position specifying part 131. With this arrangement,
it is possible to calculate an absolute position with higher
resolution than an absolute position based on an absolute
signal. According to this embodiment, the resolution of this
calculated absolute position agrees with the number of'slits of
the slit track SI12 with a short pitch. That is, in this example,
the resolution of the calculated absolute position is two times
the resolution of an absolute position based on an absolute
signal.

On the other hand, the second position specifying part 133
performs the same processing as the aforementioned first
position specitying part 132 on the high incremental signals
from the light-receiving arrays PI2L, PI2R, and specifies a
highly accurate position within one pitch from the two sig-
nals. Then, the position data calculating part 134 superim-
poses the position within one pitch specified by the second
position specifying part 133 onto the absolute position calcu-
lated based on the aforementioned low incremental signals.
With this arrangement, it is possible to calculate an absolute
position that has even higher resolution than the absolute
position calculated based on low incremental signals.

The position data calculating part 134 performs multipli-
cation processing on the absolute position thus calculated to
further improve the resolution, and outputs the result as posi-
tion data representing a highly accurate absolute position to
the controller CT. The method for specifying a high resolution
absolute position from a plurality of position data with dif-
ferent resolutions in this manner is referred to as the “stack-
ing-up method.”

1-3. Examples of Advantages of Embodiment 1

According to this embodiment, a plurality of slit tracks
include the slit track SI1 which comprises an incremental
pattern that differs in pitch from other incremental patterns,
and the light-receiving array PI1 is configured to receive the
light reflected by the slit track SI1. That is, the encoder 100
comprises a plurality of types of slit tracks SI2, SI1, each
comprising an incremental pattern that differs in pitch, and a
plurality of light-receiving arrays PI2L, PI2R, PI1 configured
to receive the light therefrom. With this arrangement, it is
possible to generate position data representing an absolute
position with high resolution by the aforementioned stacking-
up method, making it possible to achieve high resolution.

Further, according to this embodiment, the light-receiving
array PI1 is disposed so as to sandwich the light-receiving
array PA1 with the light source 121, making it possible to
achieve higher accuracy in addition to the aforementioned
higher resolution. Note that to “achieve higher accuracy”
refers to increasing the reliability of the detection signal by
reducing noise and the like.

Generally, with the light-receiving array disposed away
from the light source, the amount of received light is reduced.
When the light-receiving surface area is increased in order to
maintain the amount of received light, the junction capaci-
tance of the respective light-receiving elements increases,
decreasing signal responsiveness. Further, if the amount of
received light is reduced, signal responsiveness similarly
decreases even if the gain is increased on the circuit side.

On the other hand, in a case where a configuration is
adopted in which the light-receiving array PI1 is disposed in
a position away from the light source 121, sandwiching
another light-receiving array as in this embodiment, it is
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possible to suppress such a responsiveness reduction effect to
a minimum. That is, because the signals acquired from the
light-receiving arrays PI2L, PI2R have high resolution, the
signals become highly periodic repetition signals compared
to those of other light-receiving arrays, but the accuracy of the
final absolute position is relatively highly affected by the
responsiveness of the signals output from the light-receiving
arrays PI21, PI2R. Consequently, the disposed positions of
the light-receiving arrays PI2L, PI2R are important factors in
accuracy improvement. Further, the signals output from the
light-receiving arrays PA1, PA2 represent a relatively low-
accuracy absolute position within one rotation, as described
above. These output signals also serve as the foundation of the
final absolute position, and therefore precision and respon-
siveness are required for accuracy improvement. Conse-
quently, the disposed positions of the light-receiving arrays
PA1l, PA2 also serve as important factors in accuracy
improvement.

On the other hand, in a case where three types of light-
receiving arrays (an example of the first to third light-receiv-
ing arrays) are disposed as in this embodiment, it becomes
difficult to dispose all of the types of light-receiving arrays
adjacent to the light source 121, and at least one type of
light-receiving array sandwiches another light-receiving
array with the light source 121. Based on such circumstances,
according to this embodiment, the light-receiving array P11 is
disposed sandwiching another light-receiving array with the
light source 121. As a result, it is possible to arrange the
light-receiving arrays PI2L, PI2R and the light-receiving
arrays PA1, PA2, which have a relatively large effect on the
accuracy of the absolute position, near the light source 121,
making it possible to improve responsiveness and, further, the
accuracy of the absolute position.

Further, according to this embodiment, the light-receiving
arrays PI2L, PI2R sandwich the light source 121 in the mea-
surement direction, and the light-receiving arrays PA1, PA2
sandwich the light source 121 in the width direction. With
such a configuration, it is possible to arrange the light-receiv-
ing arrays PI2L PI2R, the responsiveness of which relatively
highly affects accuracy, near the light source 121 to the extent
possible, regardless of the distance restricted by slit width and
reflection. Consequently, accuracy can be further improved.

Note that, in this embodiment, the stacking-up method is
further adopted as described above and the resolution of the
signal in the light-receiving array PI1 is lower than the reso-
Iutions of the signals in the light-receiving arrays P12L, PI2R,
making the responsiveness of the signals required in the light-
receiving array PI1 relatively low (in other words, the permis-
sible range of the responsiveness of the signals more exten-
sive). As a result, a responsiveness effect is unlikely, making
it possible to further improve accuracy. That is, the light-
receiving arrays P12, PI2R with a high signal resolution can
be disposed near the light source 121, making it possible to
secure high signal responsiveness.

On the one hand, a portion of the reflection light from the
slit tracks may be reflected on the surface of each light-
receiving element included in each light-receiving array.
When this reflection light is reflected by the slit tracks once
again and received by another light-receiving array, crosstalk
occurs, causing noise. Then, in a case where a plurality of
light-receiving arrays is disposed along the circumference of
the light source 121 as in this embodiment, the light emitted
from the light source 121 is diffusion light and therefore the
light reflected on the surface of the light-emitting array and
reflected once again by the slit track is received in relatively
large amounts by the light-receiving array disposed on the
outside of that light-receiving array (the side opposite the
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light source 121). As a result, in a case where there is a
light-receiving array disposed sandwiching another light-re-
ceiving array with the light source 121 as in this embodiment,
the light-receiving array receives reflection components by
the light-receiving array nearer the light source 121, possibly
producing even greater noise. On the other hand, in a case
where there is not another light-receiving array between the
light-receiving array and the light source 121, the effect of the
reflection components by the light-receiving array decreases.

Consequently, by disposing the light-receiving array P11 in
a position where it sandwiches another light-receiving array
with the light source 121 as in this embodiment, the light-
receiving arrays PI2L, PI2R and the light-receiving arrays
PA1, PA2, which have a relatively large noise effect, can be
disposed so that another light-receiving array does not exist
between them and the light source 121. This makes it possible
to reduce the noise resulting from the reflection components
of the light-receiving arrays and improve accuracy.

On the other hand, as shown in FIG. 7, a large amount of
minute unevenness exists on the surface of a material 111 of
the disk 110, which causes the light emitted from the light
source 121 to produce irregular reflection (scattering) when
reflected by the disk 110.

FIG. 8 conceptually shows an example of the shape of a
convex part 112 in the minute unevenness of the material 111.

Note that, in FIG. 8, the length of each arrow of the irregu-
lar reflection component represents the size of intensity. In the
example shown in FIG. 8, the convex part 112 comprises an
upper surface 112a, and an inclined side surface 1125 that
surrounds the circumference of the upper surface 1124. The
upper surface 112a, with its relatively flat shape, has a large
surface area where the incident light is irradiated diagonally
from above (the positive side along the Y axis and the positive
side along the Z axis in this example), but the side surface
1124, being slanted, has a small surface area where the inci-
dent light is irradiated. As a result, the intensity of the irregu-
lar reflection component produced by the incident light is
relatively high for a frontward scattering component Lf, an
upward scattering component Lu, and a rearward scattering
component Lb scattered by the upper surface 112a, and rela-
tively low for a sideways scattering component Ls scattered
by the side surface 1125 in the circumferential direction, as
shown in FIG. 8. Further, of the frontward scattering compo-
nent Lf, the upward scattering component Lu, and the rear-
ward scattering component Lb, the intensity of the frontward
scattering component Lf scattered in the regular reflection
direction is highest, and the intensity of upward scattering
component Lu scattered upward and the rearward scattering
component Lb scattered in the direction reverse from the
advancing direction of the incident light is intermediate
(higher than the sideways scattering component Ls). Conse-
quently, the distribution of the irregular reflection compo-
nents as a whole is dominant in the direction along the Y-Z
plane.

FIG. 9 shows the intensity distribution of the irregular
reflection components as viewed from the positive direction
along the X axis, and FIG. 10 shows the intensity distribution
of the irregular reflection components as viewed from the
positive direction along the Z axis. Note that the length of
each arrow in FIG. 9 and the distance from point E in FIG. 10
represent the size of intensity, respectively. Due to the irregu-
lar reflection by the aforementioned convex part 112, the
intensity distribution of the irregular reflection components
on the surface of the disk 110 where a large number of minute
convex parts 112 exists forms a shape that is longer in the
direction along the plane which includes the advancing direc-
tion of the light (the Y-Z plane in this example), and comprises
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directivity in the direction along the Y axis as a whole, as
shown in FIG. 9 and FIG. 10. More specifically, as shown in
FIG. 10, this intensity distribution of the irregular reflection
components is a substantially 8-shaped distribution wherein
two circles arranged side by side in the advancing direction of
the light are connected, with the reflection position E as the
center, and the circle on the advancing direction far side of the
light in particular forms a distribution shape that is larger than
the circle on the advancing direction near side. That is, in a
case where two light-receiving arrays are disposed in the
same direction with respect to the light source 121 in the
optical module 120, crosstalk in which, for example, the
scattered light in the reflection light that should reach one
light-receiving array reaches the other light-receiving array,
occurs between both light-receiving arrays, causing noise.
Then, the light-receiving array that is farther away from the
light source 121 receives a greater amount of irregular reflec-
tion components of the light than the light-receiving array that
is closer to the light source 121, sometimes producing even
greater noise.

On the other hand, the extent of the effect of the noise of the
light-receiving array PI1 on final accuracy is small, and the
light-receiving array PI1 is an incremental light-receiving
array with a relatively high resistance to noise. Consequently,
the noise of the light-receiving arrays with a relatively large
noise effect can be reduced and accuracy can be improved by
disposing the light-receiving array PI1 in a position where it
sandwiches another light-receiving array with the light
source 121, as in this embodiment.

Further, while both the light-receiving arrays PI1, PI2
receive the reflection light of the incremental pattern, both
reflection lights are repetition lights repeated periodically. If
the noise of one repetition light were superimposed onto the
other repetition light, both lights would interfere with each
other, producing even greater noise. On the other hand, the
reflection light received by the light-receiving arrays PAl,
PA2 is reflection light from the absolute pattern, and therefore
either does not have such a repetition period or has a relatively
long period. Consequently, the noise that depends on such an
absolute pattern does not readily interfere with the short cycle
repetition light from the incremental pattern.

According to the configuration in this embodiment, the
noise superimposed onto the light-receiving array P11 is abso-
lute pattern dependent. Consequently, it is possible to signifi-
cantly suppress any increase in noise resulting from irregular
reflection light interfering with the reflection light to be
received by the light-receiving array PI1 disposed in a posi-
tion where the noise is relatively superimposed, or the like.
Thus, the configuration in this embodiment is extremely
advantageous in a case where interference by noise needs to
be suppressed.

Furthermore, according to this embodiment, the light-re-
ceiving arrays PI2L, PI2R wherein the noise affects accuracy
relatively easily can be disposed in a direction that differs
from those of other light-receiving arrays with respect to the
light source 121. Consequently, the amount of light of the
irregular reflection itself that reaches the light-receiving
arrays PI2L, PI2R is reduced, making it possible to further
improve accuracy.

Further, as described above, in the two light-receiving
arrays PA1, PA2 that output absolute signals, a bit pattern
resulting from detection or non-detection by each of the plu-
rality of light-receiving elements uniquely represents an
absolute position. On the other hand, in the light-receiving
arrays PI1, P12 that output incremental signals, the detection
signals resulting from the plurality of light-receiving ele-
ments corresponding in phase are added together to represent
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aposition within one pitch. In terms of the properties of such
signals, the light-receiving arrays PI1, P12 require a relatively
small amount of received light and, since the noise is aver-
aged, have a relatively high resistance to noise, whereas the
light-receiving arrays PA1, PA2 require an adequate amount
of received light and have a relatively low resistance to noise.

Consequently, in a case where the amount of received light
by the absolute is to be maintained and the noise effect on the
absolute signal is to be suppressed, a configuration can be
adopted in which the light-receiving arrays PA1l, PA2 are
disposed in positions closer to the light source 121 than the
light-receiving array PI1, as in this embodiment. With this
arrangement, it is possible to dispose the light-receiving
arrays PA1, PA2 near the light source 121 and maintain the
amount of received light. Further, ofthe light-receiving arrays
disposed in the same direction with respect to the light source
121, while the light-receiving array that is farther away from
the light source receives a greater amount of irregular reflec-
tion components of the light than the light-receiving array that
is closer to the light source as described above, according to
this embodiment, the light-receiving array PI1 having a high
resistance to noise is disposed in a position away from the
light source 121 in the same direction, and the light-receiving
array PA1 having a low resistance to noise is disposed in a
position near the light source 121, thereby making it possible
to suppress the noise effect resulting from the aforementioned
irregular reflection components to a minimum.

Further, the detection error resulting from the eccentricity
of'the disk 110 generally tends to be dependent on the radius
of the slit track, increasing when the radius is small and
decreasing when the radius is large. Consequently, in a case
where the robustness with respect to the eccentricity of a high
incremental signal is to be enhanced, a configuration can be
adopted in which the light-receiving array PI1 is disposed on
the center axis side with respect to the light source 121, as in
this embodiment. With this arrangement, the light-receiving
arrays PI2L, PI2R are disposed further on the side opposite
the center axis than the light-receiving array PI1 (i.e., the
outer circumference side), and the slit track SI2 with a short
pitch (i.e., with many slits) is disposed on the outer circum-
ference side onthe disk 110, making it possible to increase the
radius of the slit track SI2. As a result, the detection error
resulting from the eccentricity of the light-receiving arrays
PI2L, PI2R that output high incremental signals can be
decreased, and the robustness with respect to eccentricity can
be enhanced. Further, a larger pitch of the slit track SI2 with
many slits can be maintained.

1-4. Modifications of Embodiment 1

The above has described in detail embodiment 1 while
referring to accompanying drawings. Nevertheless, the spirit
and the scope of the present invention set forth in the claims
are not limited to the embodiment described above. The fact
that various changes, modifications, and combinations can be
extrapolated within the true spirit and scope will be apparent
to persons with ordinary skill in the art affiliated with the
embodiments. Consequently, any techniques resulting from
these changes, modifications, and combinations are also natu-
rally affiliated with the spirit and scope of the invention.

For example, while the above described embodiment has
described an illustrative scenario in which the light-receiving
array PI1 is disposed on the center axis side with respect to the
light source 121, the light-receiving array PI1 may be dis-
posed on the side opposite the center axis with respect to the
light source 121 (the outer circumference side), as shown in
FIG. 11, for example. Although not shown, in this case, the
four slit tracks are disposed in the order of SA1, SI12, SA2,
S11, from the inside toward the outside in the width direction
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R on the disk 110. The configuration in the above described
embodiment is preferably adopted in a case where the robust-
ness with respect to the eccentricity of the high incremental
signal is to be enhanced, and this configuration is preferably
adopted in a case where the robustness with respect to the
eccentricity of the low incremental signal is to be enhanced.

Embodiment 2

Next, embodiment 2 will be described. Note that the fol-
lowing mainly describes the sections that differ from embodi-
ment 1; those sections that are the same as embodiment 1 are
denoted using the same reference numerals and explanations
thereof are suitably omitted.

2-1. Encoder

Next, the encoder 100 related to this embodiment will be
described.

2-1-1. Optical Detecting Mechanism

As shown in FIG. 12, the four slit tracks are concentrically
disposed in the order of SA1, SI1, SA2, S12, from the inside
toward the outside in the width direction R on the disk 110.
Further, the optical module 120, as shown in FIG. 13, com-
prises the light source 121, and the plurality of light-receiving
arrays PA1, PA2, PI1L, PI1R, PI2 on the surface of the sub-
strate BA facing the disk 110.

The light-receiving array PA1 is configured to receive the
light reflected by the slit track SA1, and the light-receiving
array PA2 is configured to receive the light reflected by the slit
track SA2. Further, the light-receiving arrays PI1L, PI1R are
configured to receive the light reflected by the slit track SI1,
and the light-receiving array PI2 is configured to receive the
light reflected by the slit track SI2. While the light-receiving
arrays PI1L, PI1R are divided in the middle, they correspond
to the same track.

The light source 121, the light-receiving arrays PA1, PA2,
and the light-receiving arrays PI1L, PI1R, PI2 are disposed in
the positional relationship shown in FIG. 13. The light-re-
ceiving arrays PA1, PA2 corresponding to the absolute pat-
tern are disposed sandwiching the light source 121 in the
width direction R in the same manner as embodiment 1.

The light-receiving arrays PI1L, PI1R corresponding to the
incremental pattern are disposed sandwiching the light source
121 in the measurement direction C. Further, the light-receiv-
ing array PI2 corresponding to the incremental pattern is
disposed on the side opposite the center axis with respect to
the light source 121 (the outer circumference side) so as to
sandwich the light-receiving array PA2 with the light source
121, in the disposed direction of the light-receiving array PA2
with the light source 121 as the center. Specifically, the light-
receiving arrays PI1L, PI1R are axisymmetrically disposed
with a line parallel to the Y axis, which includes the light
source 121, serving as the axis of symmetry, and each of the
light-receiving arrays PA1, PA2, P12 form an axisymmetrical
shape about the above described symmetrical axis. The light
source 121 is disposed between the light-receiving arrays
PI1L, PI1R disposed as one track in the measurement direc-
tion C. Note that the light-receiving arrays PI1L, PI1R corre-
spond to one example of the second light-receiving arrays,
and also to one example of means for outputting a highly
periodical repetition signal. Further, the light-receiving array
P12 corresponds to one example of the third light-receiving
array, and also to one example of means for receiving light
reflected by the slit track comprising an incremental pattern
that differs in pitch from other incremental patterns.

Four incremental signals shifted from one another by a
phase of 90° are respectively generated from the light-receiv-
ing arrays PI1L, PI1R, PI2. According to this embodiment,
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the incremental signals generated from the light-receiving
array PI2 corresponding to the slit track SI2 with a short pitch
are referred to as “high incremental signals™ since the reso-
Iution is high compared to other incremental signals, and the
incremental signals generated from the light-receiving array
PI1L, PI1R corresponding to the slit track SI1 with a long
pitch are referred to as “low incremental signals” since the
resolution is low compared to other incremental signals.
2-1-2. Position Data Generating Part

As shown in FIG. 14, according to this embodiment, of the
low incremental signals of the respective four phases from the
light-receiving arrays PI1L, PI1R, the first position specify-
ing part 132 subtracts the low incremental signals with a
phase difference of 180° from each other. The first position
specifying part 132 specifies the position within one pitch
from these two signals. The position data calculating part 134
superimposes the position within one pitch specified by the
first position specifying part 132 onto the absolute position
specified by the absolute position specifying part 131.

On the other hand, the second position specifying part 133
performs the same processing as the aforementioned first
position specitying part 132 on the high incremental signals
from the light-receiving array PI2, and specifies a highly
accurate position within one pitch from the two signals. Then,
the position data calculating part 134 superimposes the posi-
tion within one pitch specified by the second position speci-
fying part 133 onto the absolute position calculated based on
the aforementioned low incremental signals.

The position data calculating part 134 performs multipli-
cation processing on the absolute position thus calculated to
further improve the resolution, and outputs the result as posi-
tion data representing a highly accurate absolute position to
the controller CT.

2-2. Examples of Advantages of Embodiment 2

According to this embodiment, similar to the aforemen-
tioned embodiment 1, it is possible to generate position data
representing an absolute position with high resolution by the
aforementioned stacking-up method, making it possible to
achieve high resolution. Further, the light-receiving array P12
is disposed so as to sandwich the light-receiving array PA2
with the light source 121, making it possible to achieve higher
accuracy in addition to the aforementioned higher resolution.
Note that to “achieve higher accuracy” here refers to increas-
ing the reliability of the detection signal by improving robust-
ness with respect to displacement and reducing noise, and the
like.

According to this embodiment, it is possible to improve
robustness with respect to displacement of the optical module
120 in the rotating direction. This advantage will now be
described using the comparison example shown in FIG. 15.
As shown in FIG. 15, in an optical module 120’ related to the
comparison example, the light-receiving array PI1 is dis-
posed so as to sandwich the light-receiving array PA1 with the
light source 121. That is, in the optical module 120' related to
the comparison example, the light-receiving array PI1 is dis-
posed on the outside of the absolute light-receiving arrays
PA1, PA2 (the side opposite the light source 121), similar to
the light-receiving array PI2. The light-receiving array PI1
corresponds to the light-receiving arrays PI1L, PIIR in
embodiment 2, and is configured to receive light reflected by
the slit track SI1 comprising the incremental pattern that is
longer in pitch than other incremental patterns. The other
configurations of the optical module 120' are the same as
those of the optical module 120 related to embodiment 2.

FIG. 15 shows such the optical module 120' shifted by an
angle 0 in the rotating direction. Note that FIG. 15 shows the
inclined angle exaggerated in size for ease of understanding
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(the same also holds true for FIG. 16 described later). Further,
for convenience of explanation of displacement amounts, the
rotation here is a rotation in which the line that passes through
a center point QI1' of the light-receiving array PI1 (the point
of intersection of the line Lcp that passes through the width
direction center of the light-receiving array P11 and the afore-
mentioned axis SX of symmetry) and is parallel to the Z axis
serves as the axis of rotation. The displacement amounts in
the direction along the X axis of the light-receiving arrays
PA1, PA2 in this state are AP1', AP2', respectively. Given [L1'
as the distance in the direction along the Y axis between the
center point QI1' of the light-receiving array PI1 and a center
point QA1' of the light-receiving array PA1 (the point of
intersection of the line Lcp that passes through the width
direction center of the light-receiving array PA1, and the axis
SX of symmetry), and [.2' as the distance in the direction
along the Y axis between the center point QI1' of the light-
receiving array PI1 and a center point QA2' of the light-
receiving array PA2 (the point of intersection of the line Lep
that passes through the width direction center of the light-
receiving array PA2, and the axis SX of symmetry), then
AP1=L1" tan 6, AP2=L.2' tan 6. That is, the displacement
amounts of the light-receiving arrays PA1l, PA2 in a case
where the optical module 120" is displaced in the rotating
direction increase in proportion to the distance from the light-
receiving array PI1. As a result, the displacement amount
AP2' of the light-receiving array PA2 is large compared to the
displacement amount AP1' of the light-receiving array PA1,
sometimes causing a larger signal phase error between the
light-receiving array PI1 and the light-receiving array PA2.

On the other hand, according to this embodiment, the abso-
lute position is first calculated by superimposing the position
within one pitch specified based on the low incremental signal
of the light-receiving array PI1 onto the absolute position
specified based on the absolute signals of the light-receiving
arrays PA1, PA2 as described above. As a result, the signal
phase error between the light-receiving array PI1 and the
light-receiving arrays PA1, PA2, respectively, are preferably
as small as possible. Consequently, in the comparison
example, a relatively large phase error occurs between the
light-receiving array PI1 and the light-receiving array PA2,
possibly affecting the signal processing in the aforemen-
tioned stacking-up method. Further, the displacement
amounts AP1', AP2' of the light-receiving arrays PA1, PA2
differ from each other, causing the unbalance of the phase
error to possibly affect the signal processing as well.

On the other hand, according to this embodiment, the light-
receiving array PI2 that outputs a high incremental signal is
disposed so as to sandwich the light-receiving array PA2 with
the light source 121. That is, the light-receiving array P12 is
disposed on the outside of the light-receiving array PA2 (the
side opposite the light source 121), thereby making it possible
to dispose the light-receiving arrays PI1L, PI1R on the inside
of the absolute light-receiving arrays PA1, PA2 (the light
source 121 side). FIG. 16 shows this optical module 120
shifted by an angle 0 in the rotating direction. Note that, for
convenience of explanation of the displacement amounts, the
rotation here is a rotation in which the line that passes through
a center point QI1 of the light-receiving arrays PI1L, PI1R
(the point of intersection of the line Lep that passes through
the width direction center of the light-receiving arrays PI1L,
PI1R and the axis SX of symmetry) and is parallel to the Z
axis serves as the axis of rotation. The displacement amounts
in the direction along the X axis of the light-receiving arrays
PA1, PA2 in this state are AP1, AP2, respectively. Given L1 as
the distance in the direction along the Y axis between the
center point QI1 of the light-receiving array PI1 and a center
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point QA1 of the light-receiving array PAl (the point of
intersection of the line Lcp that passes through the width
direction center of the light-receiving array PA1, and the axis
SX of symmetry), and L2 as the distance in the direction
along the Y axis between the center point QI1 of the light-
receiving array PI1 and a center point QA2 of the light-
receiving array PA2 (the point of intersection of the line Lcp
that passes through the width direction center of the light-
receiving array PA2, and the axis SX of symmetry), then
AP1=[.1tan 6, AP2=[.2 tan 6. According to this embodiment,
the light-receiving arrays PI1L, PI1R are disposed on the
inside of the light-receiving arrays PA1, PA2, making it pos-
sible to decrease [.2 in comparison to [2' in the above
described comparison example. As a result, the displacement
amount AP2 of the light-receiving array PA2 is smaller com-
pared to the displacement amount AP2' in the comparison
example, making it possible to decrease the phase error
between the light-receiving array PI1 and the light-receiving
array PA2. Furthermore, in a case where L1 and L2 are
substantially equal as in this embodiment, the displacement
amounts of both the light-receiving arrays PA1, PA2 can be
minimized and, since both displacement amounts become
equal, the unbalance in the phase error can be eliminated and
the effect on signal processing minimized. Consequently, the
configuration in this embodiment is extremely advantageous
in a case where the robustness with respect to the displace-
ment of the optical module 120 in the rotating direction needs
to be improved.

Further, in a case where a configuration is adopted in which
the light-receiving array PI2 is disposed in a position away
from the light source 121, sandwiching another light-receiv-
ing array, as in this embodiment, it is possible to suppress the
responsiveness reduction effect to a minimum. That is, the
signals output from the light-receiving arrays PA1, PA2 rep-
resent a relatively low-accuracy absolute position within one
rotation, as described above. These output signals serve as the
foundation of the final absolute position, and therefore preci-
sion and responsiveness are required for accuracy improve-
ment. Consequently, the disposed positions of the light-re-
ceiving arrays PA1l, PA2 also serve as important factors in
accuracy improvement.

On the other hand, in a case where three types of light-
receiving arrays (an example of the first to third light-receiv-
ing arrays) are disposed as in this embodiment, it becomes
difficult to dispose all of the types of light-receiving arrays
adjacent to the light source 121, and at least one type of
light-receiving array sandwiches another light-receiving
array with the light source 121. Based on such circumstances,
according to this embodiment, the light-receiving array P12 is
disposed sandwiching another light-receiving array with the
light source 121. As a result, it is possible to arrange the
light-receiving arrays PA1, PA2, which have a relatively large
effect on the accuracy of the absolute position, near the light
source 121, making it possible to improve responsiveness
and, further, the accuracy of the absolute position.

On the other hand, a portion of the reflection light from the
slit tracks may be reflected on the surface of each light-
receiving element included in each light-receiving array.
When this reflection light is reflected once again by the slit
tracks and received by another light-receiving array, crosstalk
occurs, causing noise. Consequently, by disposing the light-
receiving array P12 in a position where it sandwiches another
light-receiving array with the light source 121 as in this
embodiment, the light-receiving arrays PA1, PA2 with a rela-
tively large noise effect can be disposed so that another light-
receiving array does not exist between them and the light
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source 121. This makes it possible to reduce the noise result-
ing from the reflection components of the light-receiving
arrays and improve accuracy.

Further, as described above, in a case where two light-
receiving arrays are disposed in the same direction with
respect to the light source 121 in the optical module 120,
crosstalk in which, for example, the scattered light in the
reflection light that should reach one light-receiving array
reaches the other light-receiving array, occurs between both
light-receiving arrays, causing noise. Then, the light-receiv-
ing array that is farther away from the light source 121
receives a greater amount of irregular reflection components
of' the light than the light-receiving array that is closer to the
light source 121, sometimes producing even greater noise.

On the other hand, the light-receiving array P12 is an incre-
mental light-receiving array with relatively high resistance to
noise. Consequently, the noise of the light-receiving array
with a relatively large noise effect can be reduced and accu-
racy can be improved by disposing the light-receiving array
P12 in a position where it sandwiches another light-receiving
array with the light source 121, as in this embodiment.

Further, according to the configuration in this embodiment,
the noise superimposed onto the light-receiving array P12 is
absolute pattern dependent. Consequently, it is possible to
significantly suppress any increase in noise resulting from the
irregular reflection light interfering with the reflection light to
be received by the light-receiving array P12 disposed in a
position where the noise is relatively superimposed, or the
like. Thus, the configuration in this embodiment is extremely
advantageous in a case where interference by noise needs to
be suppressed.

Further, the light-receiving arrays PI1, PI2 require a rela-
tively small amount of received light and, since the noise is
averaged, have a relatively high resistance to noise, whereas
the light-receiving arrays PA1, PA2 require an adequate
amount of received light and have a relatively low resistance
to noise, as described above. Consequently, in a case where
the amount of received light by the absolute is to be main-
tained and the noise effect on the absolute signal is to be
suppressed, a configuration can be adopted in which the light-
receiving arrays PA1, PA2 are disposed in positions closer to
the light source 121 than the light-receiving array P12, as in
this embodiment. With this arrangement, it is possible to
dispose the light-receiving arrays PA1, PA2 near the light
source 121 and maintain the amount of received light. Fur-
ther, of the light-receiving arrays disposed in the same direc-
tion with respect to the light source 121, while the light-
receiving array that is farther away from the light source
receives a greater amount of irregular reflection components
of' the light than the light-receiving array that is closer to the
light source as described above, according to this embodi-
ment, the light-receiving array PI2 having a high resistance to
noise is disposed in a position away from the light source 121
in the same direction, and the light-receiving array PA2 hav-
ing a low resistance to noise is disposed in a position near the
light source 121, thereby making it possible to suppress the
noise effect resulting from the aforementioned irregular
reflection components to a minimum.

Further, the detection error resulting from the eccentricity
of the disk 110 generally tends to be dependent on the radius
of the slit track, increasing when the radius is small and
decreasing when the radius is large. Consequently, in a case
where the robustness with respect to the eccentricity of a high
incremental signal is to be enhanced, a configuration can be
adopted in which the light-receiving array P12 is disposed on
the side opposite the center axis with respect to the light
source 121, as in this embodiment. With this arrangement, the
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slit track SI2 with a short pitch (that is, with many slits) is
disposed on the outer circumference side on the disk 110,
making it possible to increase the radius of the slit track SI2.
As aresult, the detection error resulting from the eccentricity
of' the light-receiving array PI2 that outputs high incremental
signals can be decreased, and the robustness with respect to
eccentricity can be enhanced. Further, a larger pitch of the slit
track SI2 with many slits can be maintained.

2-3. Modifications of Embodiment 2

While the above has described embodiment 2, the spirit
and scope of the present invention set forth in the claims is not
limited to the embodiment described above.

For example, while the above described embodiment 2 has
described an illustrative scenario in which the light-receiving
array P12 is disposed on the side opposite the center axis with
respect to the light source 121, the light-receiving array P12
may be disposed on the center axis side with respect to the
light source 121 (the inner circumference side), as shown in
FIG. 17, for example. Although not shown, in this case, the
four slit tracks are disposed in the order of SI2, SA1, SI1,
SA2, from the inside toward the outside in the width direction
R on the disk 110. The configuration in the above described
embodiment is preferably adopted in a case where the robust-
ness with respect to the eccentricity of the high incremental
signal is to be enhanced, and this configuration is preferably
adopted in a case where the robustness with respect to the
eccentricity of the low incremental signal is to be enhanced.

Embodiment 3

Next, embodiment 3 will be described. Note that the fol-
lowing mainly describes the sections that differ from embodi-
ment 1 and embodiment 2; the sections that are the same as
embodiment 1 and embodiment 2 are denoted using the same
reference numerals, and explanations thereof are suitably
omitted.

3-1. Encoder

Next, the encoder 100 related to this embodiment will be
described.

3-1-1. Optical Detecting Mechanism

As shown in FIG. 18, the four slit tracks are concentrically
disposed in the order of SA1, SI1, SI2, SA2, from the inside
toward the outside in the width direction R on the disk 110.
Further, the optical module 120, as shown in FIG. 19, com-
prises the light source 121, and the plurality of light-receiving
arrays PA1, PA2, PI1, PI2L, PI2R on the surface of the sub-
strate BA facing the disk 110.

The light-receiving array PA1 is configured to receive the
light reflected by the slit track SA1, and the light-receiving
array PA2 is configured to receive the light reflected by the slit
track SA2. Further, the light-receiving array PI1 is configured
to receive the light reflected by the slit track SI1, and the
light-receiving arrays PI2L., PI2R are configured to receive
the light reflected by the slit track S12. While the light-receiv-
ing arrays PI2L, PI2R are divided in the middle, they corre-
spond to the same track.

The light source 121, the light-receiving arrays PA1, PA2,
and the light-receiving arrays P11, PI21, PI2R are disposed in
the positional relationship shown in FIG. 19. The light-re-
ceiving arrays PA1, PA2 corresponding to the absolute pat-
tern are disposed sandwiching the light source 121 in the
width direction R in the same manner as embodiment 1 and
embodiment 2.

The light-receiving arrays PI2L, PI2R corresponding to the
incremental pattern are disposed sandwiching the light source
121 in the measurement direction C. Further, the light-receiv-
ing array PI1 corresponding to the incremental pattern is
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disposed between the two light-receiving arrays PA1, PA2 in
the disposed direction of the light-receiving array PA1, with
the light source 121 as the center. More specifically, the
light-receiving array PI1 is disposed between the light source
121 and the light-receiving array PA1, on the center axis side
with respect to the light source 121. Specifically, the light-
receiving arrays PI2], PI2R are axisymmetrically disposed
with a line parallel to the Y axis, which includes the light
source 121, serving as the axis of symmetry, and each of the
light-receiving arrays PA1, PA2, PI1 form an axisymmetrical
shape about the above described symmetrical axis. The light
source 121 is disposed between the light-receiving arrays
PI2L, PI2R disposed as one track in the measurement direc-
tion C. Note that the light-receiving arrays P12L, PI2R corre-
spond to one example of the second light-receiving arrays,
and also to one example of means for outputting a highly
periodical repetition signal. Further, the light-receiving array
PI1 corresponds to one example of the third light-receiving
array, and also to one example of means for receiving light
reflected by the slit track comprising an incremental pattern
that differs in pitch from other incremental patterns.

Four incremental signals shifted from one another by a
phase of 90° are respectively generated from the light-receiv-
ing arrays PI1, PI2L, PI2R. According to this embodiment,
the incremental signals generated from the light-receiving
arrays PI2L,, PI2R corresponding to the slit track SI2 with a
short pitch are referred to as “high incremental signals” since
the resolution is high compared to other incremental signals,
and the incremental signals generated from the light-receiv-
ing array PI1 corresponding to the slit track SU with a long
pitch are referred to as “low incremental signals” since the
resolution is low compared to other incremental signals.
3-1-2. Position Data Generating Part

The position data generating part 130 in this embodiment
becomes the same configuration as that in embodiment 1
(FIG. 6). That is, the first position specifying part 132 speci-
fies the position within one pitch from two signals with a
phase difference of 180° of the low incremental signals of the
respective four phases from the light-receiving array PI1. The
position data calculating part 134 superimposes the position
within one pitch specified by the first position specifying part
132 onto the absolute position specified by the absolute posi-
tion specifying part 131. On the other hand, the second posi-
tion specifying part 133 specifies a highly accurate position
within one pitch from the high incremental signals from the
light-receiving arrays PI2L, PI2R. Then, the position data
calculating part 134 superimposes the position within one
pitch specified by the second position specifying part 133
onto the absolute position calculated based on the aforemen-
tioned low incremental signals. The position data calculating
part 134 performs multiplication processing on the absolute
position thus calculated to further improve the resolution, and
outputs the result as position data representing a highly accu-
rate absolute position to the controller CT.

3-2. Examples of Advantages of Embodiment 3

According to this embodiment, similar to the aforemen-
tioned embodiment 1 and embodiment 2, it is possible to
generate position data representing an absolute position with
high resolution by the aforementioned stacking-up method,
making it possible to achieve high resolution. Further, the
light-receiving array PI1 is disposed between the two light-
receiving arrays PA1l, PA2, making it possible to achieve
higher accuracy in addition to the aforementioned higher
resolution. Note that to “achieve higher accuracy” here refers
to increasing the reliability of the detection signal by improv-
ing signal processing accuracy and reducing noise, and the
like.
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As described above, according to this embodiment, a high-
resolution absolute position is calculated by superimposing
the position within one pitch specified based on the high
incremental signal of the light-receiving array P12 onto the
absolute position calculated based on the absolute signals of
the light-receiving arrays PA1, PA2 and the low incremental
signal of the light-receiving array PI1. If signal processing by
such a stacking-up method is to be performed more accu-
rately, the phase error between the low incremental signal of
the light-receiving array PI1 and the high incremental signal
of the light-receiving array PI2 is preferably as small as
possible.

According to this embodiment, the light-receiving array
PI1 is disposed between the two light-receiving arrays PA1,
PA2. On the other hand, the light-receiving arrays PA1, PA2
are disposed sandwiching the point light source in the width
direction. With this arrangement, it is possible to dispose the
light-receiving array PI1 near the light-receiving arrays PI2L,
PI2R disposed sandwiching the light source 121 in the mea-
surement direction. Consequently, the mechanical alignment
when forming both light-receiving arrays on the substrate BA
and when positioning the optical module 120 with respect to
the disk 110 becomes relatively easy, making it possible to
reduce the displacement of the light-receiving array PI1 and
the light-receiving array P12 compared to a case where both
light-receiving arrays are separated. As a result, it is possible
to reduce the phase error of the signals of the light-receiving
array P11 and the light-receiving array P12, thereby making it
possible to improve the accuracy of the signal processing by
the stacking-up method.

Further, according to this embodiment, the light-receiving
array PI1 is disposed between the two light-receiving arrays
PA1, PA2. On the other hand, the light-receiving arrays PA1,
PA2 are disposed sandwiching the point light source in the
width direction. Consequently, the light-receiving array PI1
can be arranged near the light source 121. As a result, the
light-receiving array PI1 and both the light-receiving arrays
PI2L, PI2R disposed sandwiching the light source 121 in the
measurement direction can be disposed near the light source
121, making it possible to maintain the amount of received
light required for performing the signal processing of each
light-receiving array more accurately. Consequently, the
accuracy of the signal processing by the stacking-up method
can be improved.

Furthermore, according to this embodiment, it is possible
to improve robustness with respect to displacement of the
optical module 120 in the rotating direction. This advantage
will now be described using the comparison example shown
in FIG. 20. As shown in FIG. 20, according to an optical
module 120" related to the comparison example, the light-
receiving arrays PI1, P12 are disposed so as to sandwich the
light-receiving array PA1 with the light source 121. That is,
according to the optical module 120" related to the compari-
son example, the light-receiving arrays PI1, PI2 are disposed
on the outside of the absolute light-receiving array PA1 (the
side opposite the light source 121). The light-receiving array
PI2 corresponds to the light-receiving arrays PI2L, PI2R in
embodiment 3, and is configured to receive light reflected by
the slit track SI2 comprising an incremental pattern that is
shorter in pitch than other incremental patterns. The other
configurations of the optical module 120" are the same as
those of the optical module 120 related to embodiment 3.
Note that this comparison example may be configured with
the light-receiving arrays P11, PI2 disposed so as to sandwich
the light-receiving array PA2 with the light source 121.

FIG. 20 shows such the optical module 120" shifted by an
angle 0 in the rotating direction. Note that FIG. 20 shows the
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inclined angle exaggerated in size for ease of understanding
(the same also holds true for FIG. 21 described later). Further,
for convenience of explanation of displacement amounts, the
rotation here is a rotation in which the line that passes through
a center point QI1" of the light-receiving array PI1 (the point
of intersection of the line Lcp that passes through the width-
direction center of the light-receiving array P11 and the afore-
mentioned axis SX of symmetry) and is parallel to the Z axis
serves as the axis of rotation. The displacement amounts in
the direction along the X axis of the light-receiving arrays
PA1,PA2inthis stateare AP1", AP2", respectively. Given 1"
as the distance in the direction along the Y axis between the
center point QI1" of the light-receiving array PI1 and a center
point QA1" of the light-receiving array PA1 (the point of
intersection of the line Lcp that passes through the width
direction center of the light-receiving array PA1, and the axis
SX of symmetry), and [.2" as the distance in the direction
along the Y axis between the center point QI1" of the light-
receiving array PI1 and a center point QA2" of the light-
receiving array PA2 (the point of intersection of the line Lep
that passes through the width direction center of the light-
receiving array PA2, and the axis SX of symmetry), then
AP1=L.1" tan 6, AP2=[.2" tan 0. That is, the displacement
amount of the light-receiving arrays PA1, PA2 in a case where
the optical module 120" is displaced in the rotating direction
increases in proportion to the distance from light-receiving
array PI1. According to this comparison example, the light-
receiving arrays PI1, P12 are disposed on the outside of the
light-receiving array PA1, relatively increasing the distances
L1", L2" of the light-receiving arrays PA1l, PA2 from the
light-receiving array PI1, and also increasing the displace-
ment amounts AP1", AP2" of the light-receiving arrays PA1,
PA2. Consequently, a larger signal phase error may occur
between the light-receiving array PI1 and the light-receiving
arrays PA1l, PA2.

On the other hand, according to this embodiment, the abso-
lute position is first calculated by superimposing the position
within one pitch specified based on the low incremental signal
of the light-receiving array PI1 onto the absolute position
specified based on the absolute signals of the light-receiving
arrays PA1, PA2 as described above. As a result, the signal
phase error between the light-receiving array PI1 and the
light-receiving arrays PA1, PA2, respectively, are preferably
as small as possible. Consequently, in the comparison
example, a relatively large phase error occurs between the
light-receiving array PI1 and the light-receiving arrays PA1,
PA2, possibly affecting the signal processing in the aforemen-
tioned stacking-up method. Further, the displacement
amounts AP1", AP2" of the light-receiving arrays PA1, PA2
differ from each other, causing the unbalance of the phase
error to possibly affect signal processing as well.

On the other hand, according to this embodiment, as a
result of the light-receiving array PI1 being disposed between
the two light-receiving arrays PA1, PA2 as described above,
the light-receiving array PI1 and the light-receiving arrays
PI2L, PI2R can be disposed on the inside of the light-receiv-
ing arrays PA1, PA2 (the light source 121 side). FIG. 21
shows this optical module 120 shifted by an angle 6 in the
rotating direction. Note that, for the convenience of explana-
tion of displacement amounts, the rotation here is a rotation in
which the line that passes through the center point QI1 of the
light-receiving array PI1 (the point of intersection of the line
Lep that passes through the width direction center of the
light-receiving array PI1 and the axis SX of symmetry) and is
parallel to the Z axis serves as the axis of rotation. The
displacement amounts in the direction along the X axis of the
light-receiving arrays PA1, PA2 in this state are AP1, AP2,
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respectively. Given L1 as the distance in the direction along
the'Y axis between the center point QI1 of the light-receiving
array PI1 and a center point QA1 of the light-receiving array
PA1 (the point of intersection of the line Lcp that passes
through the width direction center of the light-receiving array
PA1, and the axis SX of symmetry), and [.2 as the distance in
the direction along the Y axis between the center point QI1 of
the light-receiving array PI1 and a center point QA2 of the
light-receiving array PA2 (the point of intersection of the line
Lep that passes through the width direction center of the
light-receiving array PA2, and the axis SX of symmetry), then
AP1=L.1 tan 6, AP2=[.2 tan 6. According to this embodiment,
the light-receiving arrays PI1, P12 are disposed on the inside
of the light-receiving arrays PA1, PA2, making it possible to
decrease L1, L.2 in comparison to LL1", L.2" in the above
described comparison example. As a result, it is possible to
decrease the displacement amounts AP1, AP2 of the light-
receiving arrays PA1l, PA2 compared to the displacement
amounts AP1", AP2" in the comparison example, making it
possible to decrease the respective phase errors between the
light-receiving array PI1 and the light-receiving arrays PA1,
PA2. Consequently, the configuration in this embodiment is
extremely advantageous in a case where the robustness with
respect to the displacement of the optical module 120 in the
rotating direction needs to be improved.

Further, in a case where a configuration is adopted in which
the light-receiving array configured to receive the light
reflected by the slit track comprising an incremental pattern
that differs in pitch from other incremental patterns is dis-
posed between the light source 121 and the light-receiving
array PA1 as in this embodiment, it is possible to suppress the
responsiveness reduction effect to a minimum. That is,
because the signals acquired from the light-receiving arrays
PI2L, PI2R have high resolution, the signals become highly
periodic repetition signals compared to those of other light-
receiving arrays, but the accuracy of the final absolute posi-
tion is relatively highly affected by the responsiveness of the
signals output from the light-receiving arrays PI2L, PI2R.
Consequently, the disposed positions of the light-receiving
arrays PI2L, PI2R are important factors in accuracy improve-
ment.

On the other hand, in a case where three types of light-
receiving arrays (an example of the first to third light-receiv-
ing arrays) are disposed as in this embodiment, it becomes
difficult to dispose all of the types of light-receiving arrays
adjacent to the light source 121, and at least one type of
light-receiving array sandwiches another light-receiving
array with the light source 121. Based on such circumstances,
according to this embodiment, the light-receiving array PI1
configured to receive light reflected by the slit track SI1
comprising an incremental pattern that differs in pitch from
other incremental patterns is disposed between the two light-
receiving arrays PA1, PA2. That is, either one of the light-
receiving arrays PA1l, PA2 sandwiches the light-receiving
array PI1 with the light source 121. As a result, it is possible
to arrange the light-receiving arrays P12L, PI2R, which have
a relatively large effect on the accuracy of the absolute posi-
tion, near the light source 121 in a direction that differs from
the light-receiving arrays PA1, PA2, making it possible to
improve responsiveness and, further, the accuracy of the
absolute position.

On the other hand, a portion of the reflection light from the
slit tracks may be reflected on the surface of each light-
receiving element included in each light-receiving array.
When this reflection light is reflected once again by the slit
tracks and received by another light-receiving array, crosstalk
occurs, causing noise. According to this embodiment, the
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light-receiving array PI1 is disposed between the two light-
receiving arrays PA1, PA2. That is, either one of the light-
receiving arrays PA1l, PA2 sandwiches the light-receiving
array PI1 with the light source 121. With this arrangement, it
is possible to dispose the light-receiving arrays PI2L, PI2R
with a relatively large noise effect and one of the light-receiv-
ing arrays PA1, PA2 so that other light-receiving arrays do not
exist between the light-receiving arrays and the light source
121, making it possible to reduce the noise resulting from the
reflection components of the light-receiving arrays and
improve accuracy.

Further, as described above, in a case where two light-
receiving arrays are disposed in the same direction with
respect to the light source 121 in the optical module 120,
crosstalk in which, for example, the scattered light in the
reflection light that should reach one light-receiving array
reaches the other light-receiving array, occurs between both
light-receiving arrays, causing noise. Then, the light-receiv-
ing array that is farther away from the light source 121
receives a greater amount of irregular reflection components
of' the light than the light-receiving array that is closer to the
light source 121, sometimes producing even greater noise.

On the other hand, while the light-receiving array PI1
receives the reflection light of the incremental pattern, the
reflection light is repetition light repeated at a certain period.
Consequently, if the irregular reflection components of the
repetition light were to be superimposed onto the light
received by the light-receiving array PA1, the noise could be
reduced by using noise reduction means, such as a noise filter.
On the other hand, the reflection light received by the light-
receiving array PA1 is reflection light from the absolute pat-
tern, and therefore either does not have such a repetition
period or has a relatively long period. As a result, if the
irregular reflection components of the light were to be super-
imposed onto the light received by the light-receiving array
PI1, the noise would not readily be reduced by the noise filter
or the like.

According to the configuration in this embodiment, the
noise superimposed onto the light-receiving array PA1 is
incremental pattern dependent. Consequently, it is possible to
significantly suppress any increase in noise resulting from the
irregular reflection light interfering with the reflection light to
be received by the light-receiving array PA1 disposed in a
position where the noise is relatively superimposed, or the
like. Consequently, the configuration in this embodiment is
extremely advantageous in a case where interference by noise
needs to be suppressed.

Furthermore, according to this embodiment, the light-re-
ceiving arrays PI2L, PI2R wherein the noise affects accuracy
relatively easily can be disposed in a direction that differs
from those of other light-receiving arrays with respect to the
light source 121. Consequently, the amount of light of the
irregular reflection itself that reaches the light-receiving
arrays PI2L, PI2R is reduced, making it possible to further
improve accuracy.

Further, the light-receiving arrays PI1, PI2 require a rela-
tively small amount of received light and, since the noise is
averaged, have a relatively high resistance to noise, whereas
the light-receiving arrays PA1, PA2 require an adequate
amount of received light and have a relatively low resistance
to noise, as described above.

Hence, the diffusion light tends to be scattered by other
members near the light source 121. For example, if the light
source 121 is an LED, bonding wires for supplying power and
the like (not shown) protrude in or near the optical path. The
scattered light resulting from these wires and the like causes
noise. The main source from which the scattered light is
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produced is the light source 121, and therefore the above
described noise attenuates in accordance with the distance
from the light source 121. Consequently, the noise can be
reduced by increasing the distance between the light source
121 and the light-receiving arrays.

Consequently, in a case where the noise effect resulting
from the above described scattered light is to be suppressed,
a configuration can be adopted in which the light-receiving
array PI1 is disposed between the two light-receiving arrays
PA1l, PA2, as in this embodiment. With this arrangement,
either one of the light-receiving arrays PA1, PA2 sandwiches
the light-receiving array PI1 with the light source 121,
thereby making it possible to dispose one of the light-receiv-
ing arrays PA1l, PA2 having a low resistance to noise in a
position away from the light source 121, and decrease the
noise effect resulting from the aforementioned scattered light.

Further, the detection error resulting from the eccentricity
of'the disk 110 generally tends to be dependent on the radius
of the slit track, increasing when the radius is small and
decreasing when the radius is large. Consequently, in a case
where the robustness with respect to the eccentricity of a high
incremental signal is to be enhanced, a configuration can be
adopted in which the light-receiving array PI1 is disposed on
the center axis side with respect to the light source 121, as in
this embodiment. With this arrangement, the light-receiving
arrays PI2L, PI2R are disposed further on the side opposite
the center axis than the light-receiving array PI1 (i.e., the
outer circumference side), and the slit track SI2 with a short
pitch (i.e., with many slits) is disposed on the outer circum-
ference side onthe disk 110, making it possible to increase the
radius of the slit track SI2. As a result, the detection error
resulting from the eccentricity of the light-receiving arrays
PI2L, PI2R that output high incremental signals can be
decreased, and the robustness with respect to eccentricity can
be enhanced. Further, a larger pitch of the slit track SI2 with
many slits can be maintained.

3-3. Modifications of Embodiment 3

While the above has described embodiment 3, the spirit
and scope of the present invention set forth in the claims is not
limited to the embodiment described above.

For example, while the above described embodiment 3 has
described an illustrative scenario in which the light-receiving
array PI1 is disposed on the center axis side with respect to the
light source 121, the light-receiving array PI1 may be dis-
posed on the side opposite the center axis with respect to the
light source 121 (the outer circumference side), i.c., between
the light source 121 and the light-receiving array PA2.
Although not shown, in this case, the four slit tracks are
disposed in the order of SA1, SI2, SI1, SA2, from the inside
toward the outside in the width direction R on the disk 110.
The configuration in the above described embodiment 3 is
preferably adopted in a case where the robustness with
respect to the eccentricity of a high incremental signal is to be
enhanced, and this configuration is preferably adopted in a
case where the robustness with respect to the eccentricity of a
low incremental signal is to be enhanced.

Further, while the above described embodiment 3 has
described an illustrative scenario in which the light-receiving
array PI2 that outputs a high incremental signal is disposed
sandwiching the light source 121 in the measurement direc-
tion, the light-receiving array PI1 that outputs a low incre-
mental signal may be disposed sandwiching the light source
121 in the measurement direction, as shown in FIG. 22, for
example. In this case, if the robustness with respect to the
eccentricity of the high incremental signal is to be enhanced
as in the above described embodiment, a configuration in
which the light-receiving array PI2 is disposed on the side
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opposite the center axis with respect to the light source 121
(the outer circumference side), i.e., between the light source
121 and the light-receiving array PA2, is preferably adopted,
as shown in FIG. 22. Although not shown, in this case, the
four slit tracks are disposed in the order of SA1, SI1, SI2,
SA2, from the inside toward the outside in the width direction
R on the disk 110. On the other hand, conversely to the above,
if the robustness with respect to the eccentricity of the low
incremental signal is to be enhanced, a configuration in which
the light-receiving array P12 is disposed on the center axis
side with respect to the light source 121 (the inner circumfer-
ence side), i.e., between the light source 121 and the light-
receiving array PAl, is preferably adopted. In this case, the
four slit tracks are disposed in the order of SA1, S12, SI1,
SA2, from the inside toward the outside in the width direction
R on the disk 110. Note that the light-receiving arrays PI1L,
PI1R in this modification are equivalent to one example of the
second light-receiving array, and also to one example of
means for outputting a highly periodical repetition signal.
Further, the light-receiving array PI2 corresponds to one
example of the third light-receiving array, and also to one
example of means for receiving light reflected by the slit track
comprising an incremental pattern that differs in pitch from
other incremental patterns.

Further, while the above has described a case where only
either one of the light-receiving arrays PI1, P12 correspond-
ing to the incremental pattern is disposed in duplicate, sand-
wiching the light source 121 in the measurement direction,
both of the light-receiving arrays PI1, P12 may be disposed in
duplicate, substantially sandwiching the light source 121 in
the measurement direction, as shown in F1G. 23, for example.
Here, “substantially” refers to the positions of the light-re-
ceiving arrays PI1, P12 and the light source 121 in the width
direction R not being respectively the same, but rather offset,
with the light-receiving arrays P11, P12 disposed sandwiching
the position corresponding to the light source 121 in the
measurement direction. The light-receiving arrays PI1L,
PI1R are configured to receive the light reflected by the slit
track SI1, and the light-receiving arrays PI2L, PI2R are con-
figured to receive the light reflected by the slit track SI2. In
this example, the light-receiving arrays PI1L, PI1R and the
light-receiving arrays PI2L, PI2R are substantially disposed
equidistant from the light source 121. Note that one of the
light-receiving arrays PI1L, PIIR and the light-receiving
arrays PI2L, PI2R corresponds to one example of the second
light-receiving array, and also to one example of means for
outputting a highly periodical repetition signal. Further, the
other of the light-receiving arrays PI11, PI1R and the light-
receiving arrays PI2L, PI2R corresponds to one example of
the third light-receiving array, and also to one example of
means for receiving light reflected by the slit track comprising
an incremental pattern that differs in pitch from other incre-
mental patterns.

According to this modification, it is possible to collectively
dispose all of the light-receiving arrays PI1L, PI1R and the
light-receiving arrays PI2L, PI2R near the light source 121,
making it possible to improve responsiveness for both the
light-receiving arrays PI1L, PI1R that output low incremental
signals, and the light-receiving arrays PI12L, PI2R that output
high incremental signals. Further, the distance between the
light source 121 and the light-receiving array PI1 and the
distance between the light source 121 and the light-receiving
array P12 can be made equal, making it possible to minimize
the respective displacement amounts of the light-receiving
arrays PI1, PI2 in a case where the optical module 120 is
displaced around the optical axis of the light source 121 in the
rotating direction. Further, the distance between the light
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source 121 and the light-receiving array PA1 and the distance
between the light source 121 and the light-receiving array
PA2 can be made equal, thereby equalizing the displacement
amounts of the light-receiving arrays PA1, PA2, and making
it possible to eliminate the unbalance of the phase error and
minimize the effect on signal processing in a case where the
optical module 120 is displaced around the optical axis of the
light source 121 in the rotating direction. Consequently, it is
possible to improve robustness with respect to displacement
of the optical module 120 in the rotating direction.

Further, while the above described embodiment 3 (the
example shown in FIG. 19) has described a case where the
respective distances from the light source 121 to the light-
receiving arrays PA1, PA2 differ, the light-receiving arrays
PA1, PA2 are preferably disposed equidistant from the light
source 121 in a case where the amount of received light in
each of the light-receiving arrays is to be made uniform. With
this arrangement, it is possible to configure the circuits
respectively related to the light-receiving arrays PA1, PA2 as
equivalent circuits.

Further, while the above described embodiment 3 (the
example shown in FIG. 19) has described a case where the
distance between the light-receiving array PI1 and the light-
receiving array PA1 and the distance between the light-re-
ceiving array PI1 and the light-receiving array PA2 differ, the
light-receiving arrays are preferably disposed equidistant in a
case where the unbalance of the phase error between the
light-receiving array PI1 and the light-receiving arrays PA1,
PA2 is to be minimized. With this arrangement, the displace-
ment amounts of the light-receiving arrays PA1, PA2 in a case
where the optical module 120 is displaced in the rotating
direction become equal, making it possible to eliminate the
phase error unbalance and decrease the effect on signal pro-
cessing.

4. Modifications Common to Each Embodiment

While the above has described embodiments 1-3, the spirit
and scope of the present invention set forth in the claims is not
limited to the embodiments described above.

For example, while the above described embodiments have
described cases where the two slit tracks SI1, SI2 comprising
incremental patterns that differ in pitch are disposed on the
disk 110, three or more slit tracks comprising incremental
patterns that differ in pitch may be disposed. In this case as
well, it is possible to achieve high resolution by the stacking-
up method. At this time, it is also possible to use at least one
of the light-receiving arrays PA1, PA2 for the incremental
signal, for example.

Further, while the above described embodiments have
described cases where each of the light-receiving arrays PA1,
PA2 comprises nine light-receiving elements, and the abso-
lute signal represents the absolute position of nine bits, the
number of light-receiving elements may be a number other
than nine, and the number of bits of the absolute signal is also
not limited to nine. Further, the number of the light-receiving
elements of the light-receiving arrays PI1, PI2L, PI2R is also
not particularly limited to the number according to the above
described embodiments.

Further, while the above described embodiments have
described cases where the encoder 100 is directly connected
to the motor M, the encoder 100 may be connected via another
mechanism, such as a reduction device, rotating direction
converter, or the like, for example.

Further, while the above described embodiments have
described cases where the light-receiving arrays PA1, PA2 are
light-receiving arrays for absolute signals, the present inven-
tion is not limited thereto. For example, the light-receiving
arrays PA1, PA2 may be a light-receiving element group for
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an origin representing the origin position by the detection
signals from the respective light-receiving elements. In this
case, the slit tracks SA1, SA2 of the disk 110 are formed
comprising an origin pattern. Then, the bit pattern and inten-
sity of the light reception signals from the light-receiving
arrays PA1, PA2 represent the origin position.

What is claimed is:

1. An encoder, comprising:

a plurality of slit tracks that respectively comprise a plu-
rality of reflection slits arranged along a measurement
direction;

apoint light source configured to emit diffusion light to the
plurality of slit tracks;

two first light-receiving arrays disposed sandwiching the
point light source in a width direction substantially
orthogonal to the measurement direction;

two second light-receiving arrays disposed sandwiching
the point light source in the measurement direction; and

a third light-receiving array that is configured to receive
light reflected by the slit track comprising an incremen-
tal pattern that differs in pitch from other incremental
patterns, and is disposed at a position in a direction
where the first light-receiving array is disposed than the
point light source.

2. The encoder according to claim 1, wherein:

the third light-receiving array is configured to receive light
reflected by the slit track comprising the incremental
pattern longer in pitch than other incremental patterns,
and is disposed so as to sandwich the first light-receiving
array with the point light source.

3. The encoder according to claim 2, wherein:

the measurement direction is a circumferential direction
with a center axis as the center; and

the third light-receiving array configured to receive light
reflected by the slit track comprising the incremental
pattern longer in pitch than other incremental patterns is
disposed on the center axis side than the point light
source.

4. The encoder according to claim 3, wherein:

the two first light-receiving arrays are configured to receive
light respectively reflected by two of the slit tracks com-
prising an absolute pattern; and

the two second light-receiving arrays are configured to
receive light reflected by one of the slit tracks compris-
ing an incremental pattern.

5. The encoder according to claim 2, wherein:

the two first light-receiving arrays are configured to receive
light respectively reflected by two of the slit tracks com-
prising an absolute pattern; and

the two second light-receiving arrays are configured to
receive light reflected by one of the slit tracks compris-
ing an incremental pattern.

6. The encoder according to claim 1, wherein:

the third light-receiving array is configured to receive light
reflected by the slit track comprising the incremental
pattern shorter in pitch than other incremental patterns,
and is disposed so as to sandwich the first light-receiving
array with the point light source.

7. The encoder according to claim 6, wherein:

the measurement direction is a circumferential direction
with a center axis as the center; and

the third light-receiving array configured to receive light
reflected by the slit track comprising the incremental
pattern shorter in pitch than other incremental patterns is
disposed on the side opposite the center axis than the
point light source.
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8. The encoder according to claim 7, wherein:

the two first light-receiving arrays are configured to receive
light respectively reflected by two of the slit tracks com-
prising an absolute pattern; and

the two second light-receiving arrays are configured to
receive light reflected by one of the slit tracks compris-
ing an incremental pattern.

9. The encoder according to claim 6, wherein:

the two first light-receiving arrays are configured to receive
light respectively reflected by two of the slit tracks com-
prising an absolute pattern; and

the two second light-receiving arrays are configured to
receive light reflected by one of the slit tracks compris-
ing an incremental pattern.

10. The encoder according to claim 1, wherein:

the third light-receiving array is disposed between the two
first light-receiving arrays.

11. The encoder according to claim 10, wherein:

the two first light-receiving arrays are configured to receive
light respectively reflected by two of the slit tracks com-
prising an absolute pattern; and

the two second light-receiving arrays are configured to
receive light reflected by one of the slit tracks compris-
ing an incremental pattern.

12. A motor with an encoder, comprising:

a linear motor wherein a mover moves with respect to a
stator, or a rotary motor wherein a rotor rotates with
respect to a stator; and

the encoder according to claim 1 configured to detect at
least one of a position and a velocity of the mover or the
rotor.

13. A servo system comprising:

a linear motor wherein a mover moves with respect to a
stator, or a rotary motor wherein a rotor rotates with
respect to a stator,

the encoder according to claim 1 configured to detect at
least one of a position and a velocity of the mover or the
rotor; and

a controller configured to control the liner motor or the
rotary motor based on a detection result of the encoder.

14. An encoder, comprising:

a plurality of slit tracks that respectively comprise a plu-
rality of reflection slits arranged along a measurement
direction;

apoint light source configured to emit diffusion light to the
plurality of slit tracks;

two first light-receiving arrays disposed sandwiching the
point light source in a width direction substantially
orthogonal to the measurement direction;

two second light-receiving arrays disposed substantially
sandwiching the point light source in the measurement
direction; and

two third light-receiving arrays that are configured to
receive light reflected by the slit track comprising an
incremental pattern that differs in pitch from other incre-
mental patterns, and are disposed substantially sand-
wiching the point light source in the measurement direc-
tion between the two first light-receiving arrays.

15. A motor with an encoder, comprising:

a linear motor wherein a mover moves with respect to a
stator, or a rotary motor wherein a rotor rotates with
respect to a stator; and

the encoder according to claim 14 configured to detect at
least one of a position and a velocity of the mover or the
rotor.

16. A servo system comprising:

a linear motor wherein a mover moves with respect to a
stator, or a rotary motor wherein a rotor rotates with
respect to a stator,
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the encoder according to claim 14 configured to detect at
least one of a position and a velocity of the mover or the
rotor; and

a controller configured to control the liner motor or the
rotary motor based on a detection result of the encoder.

17. An encoder, comprising:

a plurality of slit tracks that respectively comprise a plu-
rality of reflection slits arranged along a measurement
direction;

means for emitting diffusion light to the plurality of slit
tracks;

means for outputting a signal representing a low-accuracy
absolute position within one rotation, disposed in dupli-
cate sandwiching the means for emitting the diffusion
light in a width direction substantially orthogonal to the
measurement direction;

means for outputting a highly periodical repetition signal,
disposed in duplicate sandwiching the means for emit-
ting the diffusion light in the measurement direction;
and

means for receiving light reflected by the slit track com-
prising an incremental pattern that differs in pitch from
other incremental patterns, disposed at a position in a
direction where the means for outputting a signal repre-
senting the low-accuracy absolute position within one
rotation is disposed than the means for emitting the
diffusion light.
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